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Secrets of the Big Ice (pp. 5-9) 


Earth Science Topics: Glacier forma- 
tion, glacier flow, glacial erosion 

Chemistry Topics: Ionic and covalent 
bonding, crystal structure, alloys 

Physics Topics: Change of state, defor- 
mation of plastic materials 


About This Article 

Glaciers and glaciation constituted an 
important phase of the recent Intervia- 
tional Geophysical Year and one that is 
being actively continued at the present 
time. Many of the great circle air routes 
lie across the vast icy stretches of the 
earth's antipodes. The study of glacial 
ice and glacial movement may therefore 
prove to be of great significance. 

This article presents some of the 
theories that are emerging from current 
glacial studies to explain observed gla- 
cial phenomena. Glacial formation, gla- 
cial ow, the metamorphosis of snow 
into glacial ice, and the properties of 
glacial ice itself are interpreted in terms 
of the chemistry and physics of water. 


Teaching Suggestions 


As motivation for reading the article, 
and as a basis for reports to the class, the 
fllowing assignments might be made: 

A. Here are some false ideas about 
glaciers; from facts presented in the 
article, refute each statement: 

1. A glacier is more likely to be 
formed in the northern rather than in 
the southern part of any country in the 
northern hemisphere. 

2. Glaciers are not found near the 
Equator. 
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8. Where glaciers exist, it is always 
wintry cold. 
4. Any very deep snow that lies on 
top of a mountain is a glacier. 
5. Ice can not be colder than the 
freezing point of water. 
6. A glacier is solid ice and snow. 
7. Glaciers remain in one place for 
hundreds of years. 
B. Explain each of the following: 
1. How atoms are held together to 
form a water molecule. 
2. Why snow flakes are six-pointed. 
How snow changes to glacial ice. 
How a glacier flows. 
How glacial ice may be “artificial- 
ly” hardened. 


Cell Differentiation (pp. 10-12) 
Biology Topics: Embryonic develop- 
ment, genetics 


About This Article 

Few things in nature are as marvelous 
to behold, or as difficult to explain, as 
the development of an animal from an 
egg. Only after experimentation had be- 
come firmly established and had proved 
so fruitful in general physiology, did in- 
vestigators attempt experiments in de- 
velopmental physiology. The pioneering 
experiments of Wilhelm Roux and Hans 
Driesch and the later experiments of 
Hans Spemann opened up the field of 
experimental embryology to hundreds 
of workers, who to this day are seeking 
explanations of embryonic growth and 
differentiation. 

The biology teacher whose teaching 
of animal development is confined to 
mere description, without the play of 


ideas involved in classical and present- 
day experimentation in this field, is de- 
priving his students of a glimpse into 
one of the most exciting branches of 
biology. This article is, in a sense, a 
report on some of the experimentation 
now going on in this field and some of 
the ideas on which these experiments 
are based. 


Teaching Suggestions 

To enable students to comprehend 
this article, they should be made familiar 
with the basic facts of gametogenesis, 
fertilization, and early cleavage stages 
in embryonic development. The teacher 
might then describe the experiments of 
Hartwig, who used a hair-loop to con- 
strict, or even completely to separate, 
the cells of a two-cell-stage developing 
embryo of the sea urchin. Next in order 
might be a description of some of the 
“simpler” transplantations of primordial 
embryonic tissues in amphibian embryos 
(for the biology teacher, the following 
book is highly recommended: Spemann, 
Hans, Embryonic Development and In- 
duction, Yale U. Press). With the above 
as a background, students should find 
this article fascinating reading. Should 
assignments be given to individual stu- 
dents for class presentation and discus- 
sion—reports based on this article—here 
is a suggested list: 

1. Experiment of Dr. Sven Horsta- 
dius. 

2. Experiment of Dr. Mabel Paterson. 

3. Experiments of Dr. Hans Spemann. 

4. Experiments at the University of 
Illinois. 

5. Experiments of Dr. John T, Bon- 
ner of Princeton University. 
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The Mightiest Magnet (pp. 13- 
16) 


General Science Topics: Magnets, the 
compass, earth magnetism 

Physics Topics: Electromagnetic induc- 
tion, the magnetometer and magnet- 
ograph, cosmic rays, the Van Allen 
belts 

Earth Science Topics: The Earth’s in- 
terior, methods of mineral prospect- 
ing 

About This Article 

In “The Mightiest Magnet,” the au- 
thor draws an epic panorama featuring 
an invisible “fluid”—magnetism—that 
permeates and surrounds the Earth—a 
“fluid” that responds to explosions in 
the distant sun and that traps showers 
of nucleons glowing in auroral splendor. 
Methods of detecting changes in the 
Earth’s magnetic field are described— 
not only changes observed today, but 
changes that took place millions of 
years ago. (Some of these changes in 
the past stagger the imagination.) Mod- 
ern theories are presented to account 
for the Earth’s magnetic field and for 
the changes observed in this field. Fi- 
nally, the article describes how the mag- 
netometer, suspended from an airplane 
and reflecting subtle variations in the 
Earth’s magnetic field as the plane flies 
low over the Earth, yields information 
of vital interest to the vulcanologist, the 
petrologist, and the mineral prospector. 
With the discovery of the Van Allen 
belts, a “structure” of the Earth’s mag- 
netic field is emerging—a structure that 
is even now being further explored. 
For Class Reports and Discussion 

1. Explain the work of the Central 
Radio Propagation Service of the Bu- 
reau of Standards. 

2. Describe the effects that the solar 
flare of Feb. 9, 1958, had on magneto- 
graphs in various parts of the United 
States. 

3. Give a possible explanation for the 
effect of solar flares on the Earth’s mag- 
netic field. 

4. Of what practical importance are 
violent changes in the Earth’s magnetic 
field? 

* 5. Explain why present-day scientists 
do not agree with Sir William Gilbert's 
views concerning the “cause” of the 
Earth’s magnetic field. 

6. Describe a modern theory to ac- 
count for the Earth’s magnetic field. 

7. A record of past changes in the 
Earth’s magnetism is contained in rocks 
—explain. 

8. Describe the “bird” method of 
prospecting for oil and other minerals. 

9. Explain the relationship between 
the Earth’s magnetic field and the Van 
Allen belts of radiation. 


Exploring Behavior (p. 38) 
Biology Topic: Animal Behavior 


About This Article 

A scientist is one who seeks explana- 
tions of natural phenomena. His search 
for explanations rests on the assumption, 
based upon past experience, that ex- 
planations of natural phenomena are 
possible to achieve. Now, the behavior 
patterns of animals—indeed, even hu- 
man behavior—are natural phenomena. 
Perhaps, therefore, they can be “ex- 
plained.” (What constitutes an explana- 
tion is an absorbing philosophical ques- 
tion we must leave for another issue of 
Science Teacher's World.) 

The present article describes the 
work of Dr. Harry F. Harlow, in which 
he attempts by experimental methods 
to explain the behavior of the infant 
rhesus monkey toward its mother, and 
the effect of the mother on the behavior 
of the infant. The article affords the 
biology teacher an opportunity to intro- 
duce his students to a field of investiga- 
tion in which biology and psychology 
meet. Moreover, it affords an opportu- 
nity to point out the part that creative 
imagination plays in the design of an 
experiment. 


Teaching Suggestions 


One way to introduce a class to the 
study of animal behavior is to place an 
animal such as a rat or a frog in a large 
battery jar on the demonstration table 
and ask the class to observe the animal 
for five minutes and to record its be- 
havior. It is surprising how difficult it 
is for the beginner to describe behavior 
objectively without ascribing human 
motives to the animal. Thus students 
will often record such observations as 
“the frog wanted to jump out.” 

Having learned a lesson in objective 
description, a pupil may be ready for 
the next step—to discover that a given 
species of animal may exhibit behavior 
that is characteristic of the species. For 
example, fruit flies move toward light, 
and they move away from the pull of 
gravity. Here, in a sense, is an “explan- 
ation” of the behavior of a single fruit 
fly in a given environment. But, like all 
scientific explanations, this one raises 
more questions than it answers—ques- 
tions that are, in fact, invitations to ex- 
periment. For example, in what direc- 
tion will a fruit fly move when it is 
placed in an environment where the 
light shines from below? To which of 
the many wave lengths of which white 
light is composed is the fly responding? 

With such experiences as have been 
described above, the pupil might then 
be referred to the present article on the 
work of Dr. Harlow with rhesus mon- 


keys. A word of caution, however, is in 
order: We must point out emphatically 
the fallacy of carrying over to humans 
what we learn about the behavior of 
animals. Any inference of this sort must 
be held in abeyance until confirmed by 
the study of the behavior of man him- 
self. 


Tomorrow’s Scientists (pp. 39- 
42) 


Crystallography (James Birk) 
A Secondary Time Source 

McGinnis ) 

An exposure to chemistry in which 
theory exceeds first-hand experience is 
not likely to “take”; an exposure to 
chemistry in which first-hand experi- 
ence is tied to theory is likely to “take.” 
James Birk’s conception of ions, ionic 
solutions, ionic movement, ionic change, 
and ionic bonding are all the more real 
and meaningful to him because of his 
first-hand experience in growing crys- 
tals of “ten different salts in 44 different 
solutions.” 

James Birk’s project might well be 
held up to a science class as an example 
of a piece of diligent and persevering 
work. Among points that deserve em- 
phasis are these: (1) He was not sty- 
mied when faced with difficulties- 
problems in suspending his crystals, 
problems with variations in tempera- 
tures of his solutions, and the like, 
which he managed to overcome. (2) 
His work was quantitative; he took the 
trouble to weigh and to measure and 
thus arrived at the rate of crystal 
growth and variations in the rate of 
crystal growth. (3) His brain was 
working as well as his hands (“my hy- 
pothesis is that they grow so fast that 
the bond between them is weak”), At 
the same time, he was in no hurry to 
jump to a conclusion (“I will have to 
repeat this experiment several times be- 
fore I can be sure of the explanation’). 
(4) He was alert to identify new prob- 
lems growing out of his work—the effect 
of the growth of one crystal on another. 

The next best to real experience is 
vicarious experience. James’ repor! 
might profitably be made a “text assign- 
ment” for chemistry classes studying 
ionic bonding and crystal structure. 

William McGinnis’s Project—“A Sec 
ondary Time Source”—will commend it- 
self to physics students studying alter- 
nating current, the piezoelectric effect, 
and crystal oscillators. 


(William 


Science in the News (pp. 33-36) 


Several of the news articles aptly 
illustrate laboratory technique; e.g., how 
the Stanford scientists solved the prob 
lem of spurious radio noises. 
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Our Place in Space 


HE spirit of adventure—to go places 

and to do things—these are the 
earmarks of youth. For this reason, 
this booklet in the General Electric 
Adventures in Science Series will be 
gobbled up by students, by their older 
brothers and sisters, and—perhaps even 
by their parents. 

In this special insert, two boys, com- 
ing away from a science-fiction movie, 
become interested in space and space- 
men. An older brother of one of the 
boys brings them around from fiction to 
reality and does an excellent job in 
developing the idea of a_ rocket 
as something quite natural—an object 
thrust by a force and subject to gravity 
and inertia. What is more, he points 
out that rockets are not entirely new; 
they were used as far back as 1232 
A.D. by the Chinese, they were used 
by ancient Roman warriors, and even 
by our own Navy in the War of 1812. 
During World War II, rockets were 
developed powerful enough to be shot 
across the English channel from the 
European continent. 

The boys in this narrative then view 
a TV show from which they learn the 


structure of a Vanguard rocket. They 
learn the various uses for which rockets 
are built, and they hear that the most 
exciting and complicated rockets are 
being built for space exploration. 

The boys go on a tour through several 
manufacturing plants where they learn 
the great variety of devices that must 
be built and operated for space 
exploration—electronic equipment for 
guidance systems and for data gather- 
ing, antennae and amplifiers for re- 
ceiving signals from space probes as 
much as 407,000 miles away, guidance 
trackers, and the like. The boys learn, 
too, about new materials—propellants, 
ceramics, and alloys that can withstand 
the conditions encountered by rockets 
in and beyond the Earth’s atmosphere. 
Finally, the boys visit establishments 
where research is going on to help 
solve the many problems of putting 
man into space—problems of body pro- 
tection, food and oxygen supply, and 
re-entry. 

Teaching Suggestions 

Although the booklet is most suitable 

for general science students, it runs the 


Advertisement 
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gamut of the sciences—physics, chem- 
istry, biology, earth science—and can 
be read with profit by all students. For 
example, in physics classes, it can be 
read in connection with the study of 
Newton’s laws of motion, the laws of 
falling bodies, friction, ablation, electro- 
magnetic waves, and electronics; in 
chemistry classes it can be read in con- 
nection with combustion, metals and 
their alloys, ceramics; in biology classes, 
in connection with photosynthesis and 
space physiology; in earth science in 
connection with the Earth’s atmosphere. 


Topics for Class Reports and Discussion 


1. Forces at work on a man-made 
satellite from the time it leaves the 
ground to the time it returns to Earth. 

2. What is inside a Vanguard rocket. 

3. What must be done before a com- 
pleted rocket is launched? 

4. What each of the following spe- 
cialists contributed to space exploration 
through rockets: mathematicians, phy- 
sicists, chemists, biologists, engineers. 

5. Devices used in guiding and in 
tracking rockets. 

6. How space vehicles are recovered 
after re-entry. 

7. Problems that have to be solved 
before man can leave the Earth’s at- 
mosphere and return alive. 





Ideas for Science Clubs 


T a recent Science Clubs of America 

conference of club sponsors from 
Washington, D. C., and nearby areas 
in Maryland and Virginia, dozens of 
successful ideas were reported from the 
various clubs. Many of these are prac- 
tical almost anywhere. Others would 
take a little “custom tailoring” to make 
them fit your particular club’s geo- 
graphical location and other individual 
circumstances. 

One junior high school club has taken 
up ham radio as a special project, using 
discarded U. S. Army equipment and 
being instructed by Army personnel. 
Twenty-seven members of the club now 
have earned their licenses. Another 
group within the club has formed an 
astronomy section that holds weekly 
lecture and discussion meetings and 
monthly observing sessions. Still an- 
other group is concentrating on a 
weather project carried out in coopera- 
tion with the U. S. Weather Bureau. 

The weekly assembly meeting held 
by this club is open to all students in 
the school and draws an audience of 
some 200 each Wednesday afternoon. 
An advertising layout specialist from a 
local department store was invited to 
speak at one of the meetings, offering 
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expert advice on exhibit techniques 
useful to science fair projecteers. 

Another junior high school club puts 
on a “Greens Show” each year. Stu- 
dents bring in living greens which the 
club members identify, label and dis- 
play in a case. 

A senior high school club puts par- 
ticular emphasis on lively contact with 
junior high school and elementary 
school students. Committees are set 
up by the club to help the younger 
students in planning and carrying out 
science projects and other science ac- 
tivities, and to invite them to become 
members of the science club when they 
reach high school. 

If your science club or class has not 
had the experience of carrying out a 
project or special activity under the 
guidance of professional scientists, you 
may want to investigate the possibilities 
in your area. Many professional organi- 
zations, both government and private, 
are prepared to help your club. Many 
more would be eager to cooperate if 
they knew exactly the kind of help you 
and your students could use. 

The charter ceremony described in 
this report could be an effective means 
of emphasizing the place of the science 


club in the activity program at your 
school. Such recognition might stimu- 
late the interest efforts of the members 
and of the entire student body. 

In order to be a member in good 
standing of one Maryland club, each 
student must participate in some kind 
of research. This is not necessarily a 
science project suitable for entering in 
a science competition. It may be an 
activity such as the one carried out by 
a girl who made and distributed to the 
faculty an annotated list of all the 
science and mathematics books in the 
school library. 

In an especially impressive annual 
ceremony at this high school, the prin- 
cipal formally presents the Science 
Clubs of America charter to the presi- 
dent of the science club. Each member 
then stands to indicate his acceptance 
of the pledge and receive his member- 
ship card. Such a ceremony adds status 
and meaning to club membership, and 
gives special recognition to the import- 
ance of the club’s activities, the sponsor 
reported, 

If your club activities offer ideas for 
other clubs, or if your club decides to 
adapt some of the ideas just described, 
share the news with science clubs all 
over the world. Send your news to 
Science Clubs of America at Science 
Service, 1719 N Street, N. W., Wash- 
ington, D. C. 
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An unusual opportunity to explore the world of Nature 


Choose any three books for *3°5 


with membership in the Natural History Book Club 
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It is very easy in science to indulge in. 
“Monday morning quarterbacking” . . . to read the 
history of science backward. From our vantage 
point . . . we may say that, had such a group as 
the one assembled by Florey and Chain under- 
taken their work of 1939 in 1929, we would have 
had penicillin ten years earlier. Yet I find it 
hard to conceive of any committee . . . recom- 
mending in 1929 that this be done. Such a group 
... would have acted in terms of the contemporary 
climate of opinion and surely would have caused 
attention to be concentrated on vaccines, toxins, 


es nk 

3 ScIiENCE WORLD 

S24 

BE Le FEBRUARY 17,1960 e« VOLUME 7 « NUMBER 2 ¢« A SCHOLASTIC MAGAZINE 
= er 

Bs ‘By Published with the official cooperation of the National Science Teachers Association 

gs ° 

65 

- The Staff CONTENTS 

£ 

re Epitor: Eric Berger Features 

20 Consuttinc Epttor: Dr. John H. Woodburn ee 

°3 gyre ny Master of Arts in JVeaching program, Secrets of the Big Ice 5 

& § ohos opkins niversity I: 

So Assistant Epitors: Simon Dresner, Sidney Seltzer by Eliot Tozer 

-- Art Director: Ni EES . - — 

és a I maceen: Nichola Kochansky Cell Differentiation 10 
8 Propuction Epitor: Sarah McC. Gorman ae . 

ee LiprariaN: Lavinia Dobler by Richard Brandt 

cf Lisrary Researcner: Lucy Evankow The Michti Mz 13 

Ga : Aiencaseiniag re vir e Mightiest Magnet 

§ |: Epitor, Science Teacuer’s Wort: by Michael Dedi 

ge Dr. Zachariah Subarsky id icunicieenes 
» Bronx High School of Science 4 7 

“3 . Science in the News 33 
7 Editorial Executive Staff =» . 

35 for Scholastic Magazines Today’s Scientists 38 

58 Maurice R. Robinson, President and Publisher Dr. Harry Harlow— 

38 Dr. John W. Studebaker, Chairman of the Exploring Behavior 

38 Editorial Board ie . F 

F5 Kenneth M. Gould, Editor in Chiet Tomorrow’s Scientists 39 

be Jack K. Lippert, Executive Editor Projects by James Birk 

a8 and William McGinnis 

-% Business Executive Staff 

ze for Scholastic Magazines Departments 

te G. Herbert McCracken, Senior Vice-President 

E> Don Layman, Vice-President, Advertising Letters 4 

SES Ken Hall, Assistant Advertising Director 

£SZ ’ aoe 7 m 

if Arthur Neiman, Advertising Manager What Happens and Why 37 

eT: M. R. Tennerstedt, Western Advertising Manager Project and Club News 42 

ga Agnes Laurino, Treasurer and Business Manager 

as C. Elwood Drake, Associate Director of Field Brainteasers 44. 

¥a2 Service . 

ES John P. Spaulding, Direct Mail Manager Sci-Fun 45 

i Science World Advisory Board Crossword Puzzle 46 

HF Dr. Sam 5. Blanc,* Gove Junior High School, Cover by Bradford Washburn 

a Denver, Colo. 

he Dr. Hilary Deason, American Association tor the 

.s Advancement of Science H o 

56 Mr. Watson Davis, Science Service, Science in Quotes 

-6 

ig 

¢ 

3 

a 

58 

$8 

a | 

&a 

ig 

26 

20 

7a 

£0 

2k 

5a 

28 

ve 

ra 

oT 

$0 

an 

oF 

Of 

3° 

ao 

Us 

3 

bg 

as 


anograph} and antitoxins, rather than on microbial antag- 
s the am Dr. Carl R. Addinall, Merck Sharp & Dohme nti , 6 
the naturl Mr. John A. Behnke, Ronald Press onism. 

a Mr. Bruce MacKenzie, International Business That is the very reason why . . . future scientific 
or Machines Corp. lis ‘es will , -edictabl aaa al 
| above for Mc, Haeell &. Wsies, Well Telectens discoveries will remain unpredictable. Every sci- 
joy saving Laboratories, Inc. entist is a product of his environment; and his 

Mr. Dwight Van Avery, General Electric thinking . . . is limited by the scientific situation 
books dur Company - Sale tis tines eillted ) ks 
pol Dr. Elliott R. Weyer, Rath Pharmaceutics Corp. in which he lives and WOTrks. 

u ee - —I. BERNARD COHEN 


rree choices 





—E worl 


*Representing the National Science Teachers Association. 


FEBRUARY 17, 1960 

















N. Y. Zoological Society photo 
Box Tortoise above, found in Rhode 
Island, is at least 116 years old. Date 
“1844” is scratched on its lower shell. 


Oldest Turtle 
Dear Editor: 

I especially enjoy the “Letters” 
section of your magazine. I have a 
question that I have been wondering 
about for a long time. How old can a 
turtle live to be and where do the 
oldest ones live? 

Susan Sendrikowski 
East Elmhurst, New York 


Answer: Turtles live longer than any 
other animal that has a backbone. The 
Common Box Turtle, Terrapene caro- 
lina, usually lives for more than halt 
a century. There is evidence that some 
have lived for more than 123 years. 
One box turtle with a set of dated 
initials on its lower shell was dis- 
covered in New England. The dates 
showed it to be at least 129 years old. 

A tortoise (land turtle) presented 
by Captain John Cook in 1777 to the 
king of Tongatabu in the South Pacific 
is still strolling around the compound 
built for it at that time. No one knows 
how old the animal was when Captain 
Cook made his presentation. 


Cut by a Glass Sponge 
Dear Editor: 
I would like to know whether the 
glass sponge will cut human flesh? 
Phillips Abbott 
Natchez, Mississippi 
Answer: Glass sponges grow in ma- 
rine waters. Their skeletons consist 
of needlelike projections in an _inter- 
lacing framework. If you rubbed against 
one you might scrape yourself but you 
would not actually receive a cut. 
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Righty or Lefty 


Dear Editor: 

What factors determine whether you 
are right-handed or left-handed? Has 
it anything to do with heredity? Can a 
person use one hand as well as the 
other if he is trained? 

John Loop 
Concordia, Kansas 

Answer: The question concerning 
the manual preferences of individuals 
has never been answered satisfactorily. 
Some scientists believe that the prefer- 
ence is inherited. Others, including 
psychologists, believe it is the result of 
training. The dominance of one cerebral 
hemisphere over the other is also 
thought to give rise to right and left- 
handedness. It is likely that an individ- 
ual’s preference for a given hand is the 
result of many influences. 

Usually, left-handed parents have 
left-handed children more frequently 
than do right-handed parents. Studies 
have shown that even immediately 
after birth, infants move one arm more 
than they do the other. This arm is 
usually the right one. As age increases, 
consistency in using one hand develops. 

People who have equal skill in both 
hands are called ambidextrous, The 
great genius of the Renaissance, 
Leonardo da Vinci, could write, paint 
or draw equally well with either hand. 
The reasons for ambidexterity are not 
yet fully understood. It is known that 
the right half of your body is controlled 
by the left cerebral hemisphere of your 
brain, and vice versa. The ambidextrous 
person seems to have developed both 
hemispheres so that they operate inde- 
pendently. 

Can you train a person to be ambi- 
dextrous? Psychologists say that very 
few children can develop ambidexterity. 
It is best to develop skills in one hand. 
Those who possess ambidexterity have 
it without training. 


Do Insects See Colors? 
Dear Editor: 
Are insects color-blind? 
Patrick Mitchell 
Pasco, Washington 
Answer: Scientists know very little 
about color vision among insects. Be- 
cause we are able to perceive color, 
we assume that all other animals see 
the same multi-colored scenes we do. 


B' 


Scientists have found that bees are 
blind to red. They live in a world of 
blues, yellows, and purples. However, 
they can see farther into the ultraviolet 
ranges than can human beings. 

It has been found that housefties 
dislike all shades of blue. Mosquitoes 
indicate a preference for black. In one 
experiment, seven men wore shirts of 
a different color. They were in an area 
heavily infested with mosquitoes. With- 
in just half a minute, the black shirt 
had attracted 1499 mosquitoes as com 
pared to only 520 counted on the white lg 
shirt. 

If bees are trained to respond toa 
blue card and the blue card is then 
replaced by a gray card on which i 4 
then placed a yellow card, the bees 
respond to the gray as if it were blue, 
This also occurs in human vision, since 
blue and yellow are complementary 
colors. Gray set next to yellow appearg 
to be blue. 





























Power in a Penny? 
Dear Editor: 

I have recently been trying to answéf 
the following question: If a penny we 
dropped from the Empire State Bui 
ing, would its momentum be g 
enough to crack the cement sidewa 
below or to shatter the penny itsé 
to pieces? I have read that a freel 
falling body ceases to accelerate aft 
a certain speed. Would this be true@ 
the case of this penny? 

Julia F. Tybor 
St. Cyril Acade 
Danville, Pa. 

Answer: The Empire State Buildin 
is about 1,500 feet tall. A penny fallit 
from the top will have a_ velocity 
about 330 feet per second when it hit 
the ground. This is less than one-fiff 
the speed of a rifle bullet, and hardly: 


enough to crack the cement, or d0 
more than dent the penny. Of course, | Glaci 

a heavier weight traveling at this speed 
could do considerable damage. These | 
figures do not take into account the be 
friction of the air, which would slow tory 
down the penny. When the force o 
the air’s friction equals the force a Sap 
the earth’s gravity on the penny, it} “ts 
would no longer accelerate but would deve! 
continue on its trip at constant velocity. silent 
In this case, the friction of the air might | Mow 
reduce the penny’s maximum speed (0 To 
only 100 feet per second. some 
at al 
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SECRETS OF 
THE BIG ICE 


BY ELIOT TOZER 
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In laboratories provided by 


nature, scientists are 
trying to learn more 


about the earth 








Photo by Bradford Washburn 


Glacier in St. Elias range in Alaska moves down slope. Dark bands contain rock debris—moraines—worn from valley walls. 


IGH on the roof of the world 
there is an ice-locked labora- 
tory, an outdoor laboratory provided 
by nature. Here scientists study gla- 
ciers to understand their growth and 
development as they slowly and 
silently flow down the slopes of 
mountains. 
To most people glaciers are awe- 
some. When they think about them 
at all, they see them as massive 
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slopes of incredible beauty. To the 
scientist, however, glaciers are not 
only majestic rivers of crystal. They 
are an important part of the earth’s 
environment that can be studied to 
learn more about the deformation, 
movement, and building of the 
earth’s crust. A glacier is a self-con- 
tained physics and chemistry labora- 
tory. Glaciologists of the Snow, 
Ice, and Permafrost Establishment 


(SIPRE) of the U. S. Army are hard 
at work studying the molecular 
structure of glaciers—in the field and 
in special low-temperature labora- 
tories. 

Why this intense interest in these 
strange rivers of ice? 

Scientists have long been inter- 
ested in glaciers, but in this age of 
airplanes and air travel over polar 
routes, glaciers take on a new im- 
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Photo by Dr. William O. Field, American Geographical Society 
Scientists working on ice research project lower themselves 
into glacier crevasse to study inner workings and past his- 
tory. This glacier is about 1000 ft. thick, moves foot a day. 


portance. Planes might have to land 
on ice and take off from ice. Research 
on glacier ice and its crystal structure 
is therefore becoming intensified. 
Army, Navy, and Air Force scientists 
now spend many months of the year 
melting, re-freezing, and otherwise 
testing polar ice. 

As you might expect, glaciers form 
where summer heat does not com- 
pletely melt winter snows, so that 
snow accumulates from year to year. 


Glaciers on Equator 


Sometimes, if there is more mois- 
ture in the southern part of a country 
than in the north, most of the glaciers 
will form in the south. Such is the 
case on the Alaskan coast. In 1955 
a new glacier was found on Mt. 
Wheeler in Nevada. And, believe it 
or not, there are several small gla- 
ciers on the peaks of the 16,000-foot- 
high Nassau range in Dutch New 
Guinea, just four degrees south of 
the Equator. 

Glaciers seem to be static masses 
of ice, but actually they undergo 
continual change. They begin as 
snow, usually in the wind shadow 
and sun shadow of a high peak, 
change to “firn,” a coarse granular 
substance, then ice—all the while 
flowing down the mountain to the 
warm valley, where they melt away. 

When snow first swells down onto 
the lee side of a high mountain, it 
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is light and fluffy. Partly by evapora- 
tion, but mostly by sublimation (ice, 
a solid, changes to water vapor with- 
out passing through the intermediate 
liquid stage), the points of the six- 
sided snowflakes evaporate and drift 
away. The molecules at the points 
sublimate more readily because they 
are at a distance from the center of 
the snowflake and less tightly held. 
They leave behind a center disk—a 
snowflake skeleton. No longer sup- 
ported by its feathery arms, the disk 
tumbles and comes to rest against 
the skeletons of other flakes. 

As the weight of new snows slowly 
presses the spineless flakes together, 











Science World graphic 


illustrates movement of 


Diagram 
valley glacier. Stakes driven in 
straight row across top of glacier 
in short time show a curve down- 
stream. Pegs placed on side of 
glacier show that top of ice river 
moves faster than does the bottom. 






















Photo by Dr. William O. Field, haoatiees Demanesbiiend Society 
Scientist is coring downward into ice to learn density at 
various levels. Pans on sides of crevasse, called melt water 
pans, are used to catch melting water, measure circulation. 


pressure may build to thousands of 
tons. Under this pressure, the flakes 
begin their long change to crystals 
of true glacier ice. 

Scientists have found that it may 
take hundreds of years for this 
change to be completed. Throughout 
the change, the crystals maintain the 
basic six-sided shape of the snow- 
flake. At the bottom of the glacier, 
where the pressure may be thov- 
sands of tons per square inch, the 
crystals may grow several feet long. 
True glacier ice, found 100 to 300 
feet below the snow surface, is in- 
credibly hard. It is formed in the 
same way that sedimentary rock is 


Geologist sights through transit, signals 
partner. Stakes placed at intervals in 
straight line measure speed, direction 
of ice flow, as stakes move out of line. 


American Geographical Society 
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formed. Indeed, glaciologists call 
true glacier ice “rock.” 

How do water molecules attain 
such hardness? To answer this ques- 
tion we must consider the ways in 
which atoms combine to form mole- 
cules. 

Every atom has a nucleus of one 
or more protons, positively charged, 
surrounded by electrons that are 
arranged in shells or layers, like the 
layers of an onion. The shell nearest 
the nucleus, the first shell, has room 
for two electrons. In the second and 
third shells there is room for eight 
electrons each. There are two ways 
in which atoms join to form mole- 


Intensity of radiation from sun is being 
measured in Antarctic. Instrument is 
pointed toward sun. Amount of intensity 
is shown on meter in the foreground. 


American Geographicai Society 


Photo by Dr. William O. Field, American Geographical Society 
Scientist in Antarctic is removing snow with hand corer in 
shallow snow pit to get measurement of snow density. On 
wall of pit is meter stick showing depth of snow sample. 


Instrument measures radiation 






cules. The first, called an ionic bond, 
occurs when a small number of 
electrons are transferred from the 
outer shell of one atom to the outer 
shell of another atom. Such a mole- 
cule is held together by electrical 
attraction. 


How Crystals Are Held 

Water is a good example of an- 
other way in which atoms are held 
together. This way is called covalent 
bonding, in which shells are com- 
pleted by sharing electrons rather 
than by transfer. Thus when two 
hydrogen atoms form water by shar- 
ing their electrons with an oxygen 
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U. 8. Navy photo 


These scientists are weighing a snow sample after it is re- 
moved from coring auger. Snow is being weighed to find 
density. As pressure compacts snow, 


density increases. 


atom (thus filling the outermost 
shells of all three atoms), they tend 
to take the triangular shape which 
is the basic form of the six-sided 
snow crystal. 

But what locks these molecules so 
tightly together? Hydrogen is the 
key. 

The hydrogen atom has one elec- 
tron. When a hydrogen atom is 
joined to an oxygen atom by sharing, 
the electron of the hydrogen atom 
cannot circle rapidly around the 
proton nucleus to cancel its charge. 
It is a little easier to think of this 
by imagining the electron held close 
to the oxygen side. You see how this 






Photo by Dr. William O. Field, American Geographical Society 
reflected from snow—90% is reflected in Antarctic. 


exposes a little bit of the positive 
charge of the nucleus. This, accord- 
ing to current scientific theory, is 
just what happens. The small, left- 
over positive charge acts as a kind 
of “hook” which scientists call the 
hydrogen bond. By means of this 
hook a molecule of water can join 
with others in combinations of mole- 
cules. 

At the low temperature and high 
pressure found in glaciers, these 
combinations of water molecules, 
hela togetner by the hydrogen bond, 
take the shape of six-sided crystals. 
At the end ot about a year, the fluffy 
snowflakes have changed into coarse 
crystals about one mm. in diameter. 
Skiers call such crystals corn snow. 
Scientists call them prn. They are the 
basic material for glacier building. 

The final change—from firn to 
glacier ice—may take 20 to 300 years. 
The time depends upon the temper- 
ature of the glacier mass and the 
speed with which snow accumulates 
on the surface to build up the pres- 
sure below. 

As the pressure builds up, strange 
things begin to happen. The tiny 
crystals of firn, subjected to greater 
and greater pressure from above, 
pack tightly together the way corn 
flakes do when you shake the box. 
Most of the air trapped between the 
crystals is driven out—but not all. 
Occasionally glaciologists studying 
firn have been startled by the hiss 
of escaping air as it whistles to the 
surface. 

Eventually the crystals become so 
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American Geographical Society 





Lead oxide dye is being sprinkled on late 
summer snow surface. Next year dye will 
give clue to amount of winter snowfall. 


tightly packed that the remaining 
air is trapped as bubbles under 
tremendous pressure. Brought to the 
surface in a coring drill (see photo), 
ice containing trapped air sometimes 
explodes in the glaciologist’s hands. 

Only when all the air has escaped 
from ice does it become true glacier 
ice: hard, glassy, and composed en- 
tirely of ice crystals, some large, 
some small, but all packed tightly 
together by the weight of the snow 
above. The temperature of glacier 
ice reflects the average annual air 
temperature. It ranges from less than 
50 degrees F. in Antarctica to 32 
degrees F. in the glaciers of the Alps 
and the Rockies, which lie in the 
temperate region. 


Relentless River 

Now, drawn by the pull of gravity, 
the dense, glassy ice begins its long, 
slow journey, gouging out huge 
boulders and uprooting trees. Like 
a river, a mountain glacier flows 
faster in the middle than it does on 
either side. And, like a river, it flows 
relentlessly around those obstacles 
it cannot move. 

If you're wondering how such a 
dense and frigid mass can actually 
flow, you're in good company. Some 
glaciologists are not yet thoroughly 
convinced that glacier ice can flow, 
continuously reshaping itself without 
breaking. Experts who believe gla- 
cier ice is plastic have a theory to 
justify their belief. 

Like many other scientific theories, 
this was supported by observing a 





Photo by Dr. William O. Field, American Geographical Society 





similarity in an unrelated phenome. 
non. 

Zinc crystals deform under pres. 
sure. Although each kind of crystal 
has its own unique pattern, the sci- 
entists thought that the same prin- 
ciple of deformation might be at 


work in both zinc and ice. Each 
crystal of ice might be thought of 
as a stack of dinner plates locked 
together by the hydrogen bond. 

What happens if you push gently 
against a stack of dinner plates? 
The stack will curve outward, away 
from the pressure. It is believed that 
this is what happens to ice crystals 
under pressure. Ukichiro Nakaya, a 
physicist at SIPRE, calls the sliding 
plates the “gliding layer.” 

Although the crystal hasbeen 
wrenched out of shape by the relent- 
less pressure from above, it reshapes 
itself. Glaciologists are not sure they 
know how this happens. 

There is still another process by 
which the dense and sluggish mass 
ot ice changes its shape and internal 
structure so that it can flow. If 
youve ever packed a snowball or 
gone ice skating, you've seen this 
principle—called regelation—at work. 

When you go skating, your weight, 
concentrated on the small area of 
the skate blade, produces pressure 
which lowers the melting point of 
ice. The melted ice acts as a lubri- 
cant over which the blade glides 
with a minimum of friction. Regela- 
tion enables you to pack a snowball 
too. The pressure of your hands 
melts some of the snow and it re- 
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These scientists are measuring ice thickness on the Taku Glacier in Alasks. 
Dynamite charge is set off and seismograph measures time it takes for sound 
waves to reach bedrock and return. At this point glacier measured 1300 feet. 
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freezes when the pressure is released. 

The extreme pressures on glacier 
ice cause the same thing to happen. 
Ice melts and flows around project- 
ing rocks or through narrow twisting 
valleys. As soon as the pressure is 
released, the ice refreezes, forming 
new crystals. This continual melting, 
freezing, and remelting of ice allows 
the glacier to move slowly down and 
around a turn in a valley. A glacier 
can even have “waves.” A sudden 
heavy fall of snow at the source— 
or an avalanche triggered by an 
earthquake, for example—may exert 
a pressure that propagates a wave 
down the glacier. Ice particles with- 
in such waves have been clocked 
traveling at three times the speed 
of the main river of ice. 

As glacial ice moves down a moun- 
tainside, it leaves a record of its 
passage which survives thousands of 
years. Pieces of rock, pushed and 
dragged along, give the glacier the 
effect of a huge rasp. These rocks, 
boulders, sand, and gravel are called 
moraine. Some of the moraine is 
pushed ahead by the glacier, some 
is picked up and borne along the 
sides, and some is dragged along 
underneath the ice. In the process, 
these become tools of glacial erosion. 
Marked and polished as they are 
dragged along, they also leave 
scratches in the bedrock. These sur- 
vive the retreating glacier, leaving 
a permanent record of part of the 
earth’s story, to be “read” by future 
generations. 

So, through deformation and rege- 
lation, the glacier continually moves 
forward, shifting and shearing, form- 
ing and reforming, until it spills out 
into the sea or grinds to a slushy 
halt in the warm valley. 


Air Strip on Ice Floe 


Detailed study of ice crystals has 
suggested an answer to a major 
military problem: How do you con- 
struct an air strip on an ice floe in 
the Arctic? 

Crystals of metal, as we know, can 
be made stronger by introducing 
alloy metals. In an alloy, a combi- 
Nation of two or more metals. one 
of the metals usually has smaller 
crystals than the other. The smaller 
crystals fit in. between the spaces of 
the larger crystals and act as a 
brace, thus producing a new type 
of metal stronger than either of its 
FEBRUARY 


17, 1960 


American Geographical Society 
Botanist makes periodic checks on plant 
life in area where glacier has receded. 
He uses rectangle to chart types of plant 
life and their extent, to determine an- 
nual speed of revegetation and kind of 
vegetation that is returning to the area. 


constituents. Air Force scientists have 
found that ice can be alloyed in the 
same manner, and made stronger by 
introducing such substances as clay. 
Utilizing this phenomenon, they 
hope to produce ice that can sustain 
much more weight than pure ice. 

Glaciers, of course, are not noted 
for their speed. Several factors in- 
fluence their movement: the surface 
gradient of the glacier or slope of 
the valley, the thickness of the ice, 
the air temperature. To these we can 
add the smoothness of the surface 
over which the ice flows, the amount 
of water in the ice, and, finally, the 
amount of debris—boulders, rocks, 
sand, and gravel—which makes the 
glacier heavier. 

Some glaciers in Switzerland move 
one to three feet a day. A famous 
European glacier carried the bodies 
of three guides, who perished in a 
climbing accident, a distance of 
8,000 feet in 41 years, an average 
of 200 feet a year. The Muir glacier 
in Alaska has been measured as 
moving about seven feet a day. 
There are some “fast” glaciers. Gla- 
ciers that flow into the fiords of 
Greenland have been observed to 





9 


travel more than 100 feet a day. 

The greatest glaciers of all are the 
continental glaciers—the Antarctic 
and Greenland ice caps. The Green- 
land ice cap stretches more than 
1,500 miles from north to south, and 
sprawls about 600 miles at its great- 
est breadth—an area about three 
times as large as Texas. The maxi- 
mum thickness of the ice is about 
two miles—more than 10,000 feet— 
and it fills a huge basin surrounded 
by coastal mountains. Constantly 
flowing toward the edge of the 
basin, it either spills through valleys 
or empties directly into the sea, 
where massive pieces break off to 
become icebergs. 

Nearly all of Antarctica is covered 
by an ice cap one and one half 
times as large as the United States. 
The ice shelf occupying half the 
Ross Sea is simply a floating portion 
of the ice cap. Scientists are at work 
gauging the thickness of the ice cap 
by setting off a small charge of dyna- 
mite and measuring the time it takes 
for the sound waves to travel through 
the ice to bedrock surface and back. 

Geologists regard ice caps, which 
now cover almost 10 per cent of the 
earth's land surface, as survivors of 
the ice age which once covered 
nearly 30 per cent of the earth’s land 
surface. This had its greatest ad- 
vance about 18,000 years ago. 


Another Ice Age? 

Will the earth have another ice 
age, burying its great cities under 
tons of glassy “rock”? We do not 
know. We know only that evidence 
accumulated by scientists over the 
past century indicates that most of 
the world’s glaciers have been re- 
treating, melting away. 

A total of about one per cent of 
the earth’s water supply is locked up 
as ice—at least 5,000,000 cubic miles, 
says Dr. William O. Field, head of 
the Department of Exploration and 
Field Research, of the American 
Geographical Society. Most of it is 
in the huge ice cap at Antarctica, 
and a good part of the remainder 
is in the cap that buries Greenland. 
“If it were all to melt,” says Dr. 
Field, “the level of the oceans would 
rise about 200 feet.” 

The great coastal cities of the 
world may be “drowned” before 
they are crushed and swept away 
by continents of ice. 
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CELL 


DIFFERENTIATION 


Blueprint of a Problem 


By RICHARD BRANDT 


Scientists are trying to learn what decides 


a cell’s eventual function in the organism 


WO cells are growing in the em- 

bryo. They seem to be identical 
in appearance and similar in be- 
havior. Yet one eventually will be- 
come a skin cell, the other a nerve 
cell. What is it that decides their 
eventual function in the organism? 
This is a basic question scientists 
are striving to answer. 

Let us consider the development 
of the embryo as taking place in two 
stages: (1) the stage we might call 
the pre-embryo, and (2) the em- 
bryo. But first consider the egg it- 
self. To illustrate the problem, let 
us divide an egg cell into hemi- 
spheres. One half, which we will call 
the “north pole,” may contain a 
greater amount of a particular en- 
zyme than does the “south pole” 
half. If this is so, then the “south 
pole” may contain a greater propor- 
tion of other substances. Proportions 
may vary, but throughout the egg 
ell the substances are the same. 

This difference has also been 
found in the dividing cells of the 
pre-embryo. This is the stage of de- 
velopment immediately after fertil- 
ization—but before the cells begin 
to carry out their specific functions. 
Dr. Sven Horstadius, a Swedish em- 





bryologist, provided experimental 
evidence of this difference. He dis- 
sected the pre-embryo of the sea 
urchin into three groups of cells. 
He designated these groups as 
“north pole group,” “south pole 
group,” and “equatorial group.” The 
equatorial group matured into a 
complete sea urchin. The north and 
south pole groups never developed 
fully. 

This experiment raised a question: 
Does the equatorial group of cells 
contain ALL the substances needed 
for the development of a sea urchin, 
while the pole groups do not? 


Polar Balance 

This question suggested one of 
those beautiful experiments in sci- 
ence—beautiful because it can be 
simple in design but supremely ac- 
curate in result. Horstadius placed 
the dissected pole groups in contact 
with each other. A normal sea urchin 
developed. 

Now Horstadius knew that the 
north and south poles would pro- 
duce a complete sea urchin, the 
equatorial cells alone would _pro- 
duce one, while the north or south 
poles by themselves would not. Al- 
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Science World graphie 
Frog egg cell is split into north and south poles, equator. Equatorial cells alone 
can result in complete organism. North cells with equatorial cells upset balance. 


though the true nature of what it is 
that causes cell differentiation re 
mained a mystery, its location was 
now less mysterious. 

The sea urchin, however, is a rela- 
tively simply animal. Dr. Mabel 
Paterson of Vassar College recently 
performed an experiment involving 
polar balance with a more complex 
animal—the frog. She dissected a 
frog pre-embryo and demonstrated 
that, as in the sea urchin, the equa 
torial cells can give rise to a com 
plete organism. She also showed 
that the north polar cells, in contact 
with only the equatorial cells 
caused development to cease. AP 
parently, the north polar cells upset 
the balance. 

The experiments of Horstadius 
and Paterson suggest that when 
polar balance is present, a group of 
cells removed from the pre-embryo 
can develop into a full organism 
This suggests a theory that each 
cell of the pre-embryo follows 4 
“blueprint.” Another question then 
presents itself: How does each of 
the differentiating cells know which 
“blueprint” to follow? 

The nucleus of the cell is be 
lieved to hold the key. The key is 
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thought to be the nucleic acids, 
found in the nuclear matter of the 
cell. These acids are believed to be 
the “blueprints” for cell differenti- 
ation. 

During the division of the fertil- 
ized egg cell, a complete file of 
blueprints is distributed to each 
daughter cell. The daughter cells, in 
turn, distribute an identical file to 
each of their daughters. During dif- 
ferentiation, the cells take on spe- 
cialized functions, as though each 
were following one print selected 
from the complete file. Thus cells 
identical in appearance and similar 
in function in the pre-embryo be- 
come as different in appearance and 
function as skin and bone. 

If cells located in the same em- 
bryo receive the same file of blue- 
prints, they should all be identical. 
What enables them to differentiate? 

Two theories have been suggested 
by researchers. One theory holds 
that cells receive their individual 
blueprints from other cells. The oth- 
er theory suggests that the cells re- 
ceive only information from other 
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cells which, in effect, tells them how 
to use blueprints they already have 
on file. Let us look at the experi- 
mental evidence presented for these 
theories. 

The German biologist Hans Spe- 
mann transplanted a bit of tissue— 
tissue that normally would change 
into a backbone—into a pre-embry- 
onic region which would normally 
become the belly. The bit of “back- 
bone tissue” continued its develop- 
ment into backbone tissue and even 
the “belly cells” surrounding the 
transplant also became “backbone 
tissue.” 


The “Blueprint” Theory 

What enabled the “belly tissue” 
surrounding the transplant to be- 
come “backbone tissue”? Did the 
cells receive new blueprints? If so, 
from where? They may have re- 
ceived them from the transplanted 
bit of backbone tissue, or they may 
have received information from the 
transplant which caused them to re- 
vise an existing blueprint. 

Dr. S. Meryl Rose, professor of 


zoology at the University of Illinois, 
has suggested a hypothesis to ex- 
plain the phenomenon of cell be 
havior during differentiation. 
Imagine that each cell in a devel 
oping embryo has a complete cabi- 
net of blueprints. Now suppose that 
the cells begins to use a 
thos« 


one of 
specific set of blueprints, say, 
filed under A. These blueprints di 
rect the cell to perform certain 
chemical activities. Now 
that the products of these chemical 
activities enter neighboring cells, 
preventing them from using their 
blueprints filed under A. In_ this 
case the products act as “inhibitors. 
The cells receiving such products 
then follow another set of blue 
prints, possibly those filed under B. 
To carry the analogy a step farther, 
the cells using the blueprints filed 
under B_ will influence still other 


suppose 


cells, causing them to differentiate 
by following blueprints filed under 
C. This would go on until all the 
parts of an organism were brought 
into being. 

Obviously, no scientist hopes to 
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Chart shows development of slime mold. A-C represents aggregation; D-H, migra- 
tion; I-N, culmination. Semi-diagrammatic drawings show cell structures at stages. 


find blueprints and filing cabinets 
in a cell. Scientists are looking for 
something that may act like blue- 
prints and filing systems, but has 
been doing so long before mankind 
knew anything about blueprints and 
filing systems. 

To continue the analogy, in this 
theory some of the products of a 
cell's chemical activity are “fed 
back” to other cells to control the 
organism’s development. This theory 
is therefore named the Feedback 
Theory of Differentiation. Scientists 
now suspect that minute quantities 
of a cell’s products may inhibit a 
variety of chemical reactions. 

At the University of Illinois, scien- 
tists sought to find the inhibitors for 
specific organs. They cultivated 
frogs’ eggs with blood, or bits of 
adult frog brain, or bits of heart. 

In the eggs cultivated with brain 
tissue, many embryos failed to de- 
velop. In others, no brain formed. 
In still others, the brain developed 
late or abnormally. In some eggs 
cultured with heart tissue, a heart 
failed to develop. Some eggs grow- 
ing in diluted blood did not pro- 
duce blood at the normal time. 

Experiments with toads, chicks, 
and various worms all indicate that 
if developing eggs are grown in a 
culture of adult tissue, certain cells 
will fail to differentiate and devel- 


‘ 


op their functions. It would seem 
that the adult tissues produce inhib- 
iting substances. 

As Dr. S. Meryl Rose puts it, 
“like normally inhibits potential 
like.” The next step is to find out 
why particular organs develop in 
particular places. 

Dr. John T..Bonner, of Princeton 
University, also is searching for the 
answer to how cells differentiate. 
He is seeking clues by studying 
slime molds. These are organisms 
found in the soil. At one stage in 
their existence they resemble amoe- 
bae, taking in food as separate indi- 
viduals. At a later stage they stream 
together and form a many-celled 
structure which crawls about as a 
bullet-shaped slug. The slime mold 
then has a distinct front end and 
hind end and leaves a trail of slime 
as it moves—from which it gets its 
hame, 


Compete for Position 

Eventually the slime mold _be- 
comes a mold-like structure with a 
spore case borne on a _ stalk—the 
hind cells becoming spores, and the 
front cells moving together to make 
up a tapering stalk. 

The sorting out process which 
leads certain of the slime-mold cells 
to become stalk cells and others to 
become spores is similar to cell dif- 





The Cellular Slime Molds, by John Tyler Bonner (Princeton University Press 


Mature fruiting body of slime mold. 
Micro-tessar 24 mm lens was used. 


ferentiation in embryonic chick or 
frog tissue. Slime molds, however, 
have an advantage over embryonic 
animals to the scientist—the sorting 
out process may be observed witi- 
out mutilating the animal. Further- 
more, the organism itself is simple. 

Now, how does this regular and 
controlled cell differentiation — take 
place in the slime mold? Dr. Bonner 
suggests that individual cells com- 
pete for certain positions during the 
very early embryonic stages. 

In one experiment, during the slug 
stage of a slime mold’s development. 
grafts were made. The cells from 
the front end, transplanted to the 
back end of a slug, moved to the 
front end of the “new” slug. Thesi 
grafts indicated that slime-mold cells 
have a definite “preference” as to 
location. 

All the experiments we have de- 
scribed were designed by scientists 
to answer the question of how 
cells differentiate. Each experiment 
brought them a deeper understand- 
ing of the process. The combined 
sciences of embryology, genetics, 
microbiology, biophysics, and_bio- 
chemistry are being used to stud) 
the problem. Our understanding is 
far from complete, but the cross- 
fertilization of these sciences may 
provide signposts pointing toward 
the answer. 
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Earth’s magnetism 
may be caused by 
electric currents flow- 
ing in liquid core. 


Core moves inside 
Earth like dynamo 
generating current. 


THE MIGHTIEST MAGNET 


A “dynamo” deep in the core of the Earth makes our globe a magnet 


By MICHAEL DADIN 


N the Sunday afternoon of Feb. 

9, 1958, a scientist on the staft 
of the Sacramento Peak Observatory 
in Sunspot, New Mexico, recorded a 
flare on the surface of the sun which 
was to have violent effects on the 
whole world—within a few days. 

At that time he had been observ- 
ing the sun, keeping a sharp eye on 
a growing cluster of sunspots cover- 
ing some three billion square miles 
of the sun’s surface. It was one of 
the ten largest sunspot groups to 
have appeared in the 80 years since 
sunspots have been measured. Such 
clusters are often followed by bril- 
liant solar flares, and he anticipated 
an unusual flareup. 

The flare, when it appeared that 
day, was one of the largest ever re- 
corded. It grew and shone with fan- 
tastic brightness for about two hours, 
then disappeared. Realizing such 
flare-ups often are followed by a 
magnetic storm on the Earth which 
disrupts electrical and_ electronic 
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equipment, he immediately _ tele- 
phoned the Central Radio Propaga- 
tion Service of the Bureau of 
Standards. This agency forecasts im- 
pending magnetic disturbances to 
steamship companies and_ airlines. 
But the staff of the propagation serv- 
ice did not believe these solar flares 


would cause a magnetic storm. No 
warning was issued. Twenty-eight 
hours later began one of the greatest 
magnetic storms ever to hit the 
Earth. 

The first effects of the storm were 
not felt by man but by instruments— 
magnetographs which trace on paper 


The scientist using the magnetometer below is measuring the angle of dip, or inclina- 
tion, in the Earth’s magnetic field—a precise and difficult job. Cloth tent is 
used to protect instruments because cloth does not disturb the Earth’s magnetism. 
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Airborne magnetometer probes gold fields of South Africa for 
buried mineral wealth by making magnetic maps. Bomb- 


changes in the direction and strength 
of the Earth’s magnetic field. ‘The 
telltale pen on magnetographs in 
magnetic observatories all over the 
world suddenly sprang into activity. 
At the U.S. Coast and Geodetic Sta- 
tion at Fredericksburg, Va., the pen 
on the magnetograph suddenly 
leaped 500 gammas (a magnetic 
measurement ), indicating twice the 
normal strength of the Earth’s mag- 
netic field. At an observatory in Fair- 
banks, Alaska, the pen went right 
off the page, suggesting an intensity 
of several thousand gammas. Within 
the next minute all radio communi- 
cations between the United States 
and Europe vanished into silence. 


Effect of Solar Flares 


At the moment the magnetograph 
pen leaped off the page, huge cur- 
rents suddenly surged in power lines 
and cables in Canada and the United 
States. In Newtoundland, voltage in 
power circuits varied by as much as 
300 volts. In Ontario, the current 
surges caused power stations to fail, 
plunging the Toronto area into dark- 
ness. A voltage of 2,600 voits sud- 
denly appeared between the termi- 
nals of the transatlantic telephone 
cable connecting Clarenville, New- 
foundland, and Oban, Scotland. The 
sudden leap in voltage came close to 
ruining the cable. Transatlantic 
planes lost radio contact with ground 
stations and had to fly on in silence. 

The effect of such solar flares on 
the Earth’s magnetic field is not yet 
fully understood. In the opinion of 
most scientists, a solar flare is some 
kind of cataclysmic explosion on the 





sun which spews enormous streams 
of electrically charged particles into 
space, sometimes in the direction of 
Earth. 

These particles travel about 1,000 
miles per second and reach the Earth 
about one day after the eruption has 
been observed, blanketing the atmos- 
phere within a few seconds. The 
charged particles are drawn into 
flowing streams by the Earth’s mag- 
netism. They circle the Earth and 
act as currents moving in a great 
electric power line wrapped many 
times around the globe. 

These currents create strong mag- 
netic fields, upsetting the Earth’s 
normal magnetism. They can cause 
compass needles to wander as much 
as seven or eight degrees from the 
magnetic north, and change the 
Earth’s magnetic pull by as much as 
ten per cent. They also induce large 
currents and voltages in the electric 
cables on the Earth’s surface. Once 
the stream of solar particles has 
swept by the Earth, currents in the 
atmosphere subside. Within 24 hours 
the magnetic balance of our planet 
is usually restored. 

Such abrupt magnetic storms are 
only one of many variations which 
take place in the Earth’s magnetic 
field. Most of the other variations 
observed by geophysicists are much 
slower. Although these slow varia- 
tions pass unnoticed, except in geo- 
magnetic observatories, they have 
given geophysicists many clues to a 
most baffling question: What causes 
the Earth’s magnetism? 

One of the earliest scientific pa- 
pers on this subject was written in 
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shaped magnetometer is towed at end of 100-ft. cable to 
avoid plane’s magnetic field. Instrument maps large areas. 


1660 by Sir William Gilbert, Queen 
Elizabeth’s personal physician, a me- 
ticulous experimental scientist. In 
Gilbert’s time there were only two 
kinds of magnets: natural magnets 
or lodestones, and pieces of iron 
magnetized by rubbing them against 
lodestones. Since Gilbert had no 
other way of creating a magnetic 
field, it was only natural that he 
should write, in his treatise De Mag- 
nete, that the Earth was merely a 
huge bar magnet or lodestone. 


Dynamo in the Earth 


Today we know that tms explana- 
tion is too simple. For one thing, the 
temperature of the Earth’s interio 
is much too high to allow any ma- 
terial to retain permanent magnet- 
ism. In an extremely hot or liquid 
material, the molecules are in con- 
stant random motion and cannot be 
permanently aligned in one direc 
tion, to create a magnetic field. 

Gilbert’s view of the Earth as a 
giant lodestone is also contradicted 
by another fact that he had no wa) 
of knowing: north and south mag- 
netic poles have a tendency to wat- 
der. Although the magnetic poles art 
generally found in the same area, 
their exact location varies from yeal 
to year, indicating changes in the 
Earth’s magnetic field. Moreover, 
compasses placed at two different 
points on the Earth may not point 
to the same magnetic north. 

These variations in the magnetic 
field have been a source of great 
confusion to navigators. They have 
also puzzled scientists ever since 
they were able to measure these vat 
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Inside magnetometer survey plane, recording equipment charts small variations in 
earth’s magnetic field, picked up by sensitive magnetometer towed behind plane. 


iations with magnetometers, which 
can measure the slightest changes in 
the Earth’s magnetic field. 

These slow variations suggest to 
scientists that the source of the 
Earth’s magnetism is in motion. This 
motion occurs in the fluid part of 
the Earth’s core, which is about 
4,000 miles in diameter, about half 
of the total diameter of the globe. 
Scientists are reasonably sure that 


the material in the liquid core is 
some kind of molten iron-nickel 
alloy. Such molten material would 
be an efficient conductor of elec- 
tricity, and fluid enough for motion 
to take place. 

In fact, measurements of the 
changing magnetic field indicate that 
the Earth’s core is moving about one 
hundredth of an inch per second. Al- 
though this motion seems small, in 


Magnetic map of ground charted by magnetometer survey plane as it flew along 
flight lines is shown at bottom. Numbers show magnetic intensity along curved lines, 
in gamma units. Top graph shows magnetic intensity along flight line A-B. Peak of 
intensity is seen at 3534 gammas, showing hidden iron ore deposit in Ontario, Can. 


Map and graph from Aero Service Corp. 
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a mass as large as the core it would 
represent a tremendous amount of 
mechanical energy. Scientists theor- 
ize that this energy is converted into 
electric currents in the core, just as 
moving wires in a dynamo convert 
motion to electric current. Such elee- 
tric currents flowing through the 
liquid core would then set up a mag- 
netic field on the Earth, just as a 
current through a wire sets up a 
magnetic field around the wire. 

The general shape of the Earth's 
magnetic field suggests that large 
currents in the core flow in circles 
nearly parallel to the Earth’s Equa- 
tor. This would create strong north 
and south magnetic poles, as would 
currents in a loop of wire. Additional 
small currents flowing at various 
points in the core could cause the 
small local variations in the direction 
of the magnetic field. Since the core 
is fluid, the motion of the material 
inside—and of the currents them- 
selves—could easily vary over the 
years, causing slow changes in the 
Earth’s magnetic field. 


Magnetic Calendars 

Local variations in the Earth’s 
magnetic field have been recorded at 
magnetic observatories for more than 
400 years. This has helped map the 
movement of the magnetic pole. 

But it is only when we look much 
further back into the Earth’s history 
that a remarkable story unfolds. It 
has now become possible to read the 
Earth’s magnetic record for millions 
of years in the past. This is done by 
studying natural “compass needles,” 
which nature has frozen into the 
rocks. The natural “needles” are 
grains of magnetic iron oxide miner- 
als, such as hematite (Fe,O3) and 
magnetite (Fe,0,). 

At high temperatures, particles of 
these materials readily line up along 
a weak magnetic field. When hot 
molten lava first pours out of a vol- 
cano (see Science World, Jan. 13, 
1960), its iron mineral grains become 
magnetized in the direction of the 
existing local magnetic field. As the 
grains quickly cool, the direction of 
magnetization is “frozen” into them, 
and can no longer be influenced by 
changes in the Earth’s field. The 
grains are magnetic fossils which re- 
cord the direction of the Earth’s 
magnetic field at the time the rock 


i8 was formed. 


National Aeronautics and Space Administration 


U. S. Coast and Geodetic Survey 


Arrow in photo at left points to magnetometer at end of tube attached to Vanguard 
satellite. Magnetometer measured Earth’s magnetic field in space, is small version 
of proton magnetometer at right. Small coil in center is wrapped around bottle hold- 
ing water. Protons of hydrogen atoms in water act as spinning magnets, sense 
Earth’s magnetism. Four large coils around center adjust direction of measurement. 


In certain parts of the world hun- 
dreds of layers of lava may have 
been deposited upon each other dur- 
ing the Earth’s formation, making a 
veritable calendar of magnetic his- 
tory. Parts of Iceland and our own 
western United States have many 
such “calendars,” some of them ex- 
posed in the walls of canyons such 
as the Colorado Grand Canyon. 

When this frozen record of the 
Earth’s magnetism examined, 
some surprising facts were uncov- 
ered. Some 60,000,000 years ago, the 
north and south magnetic poles seem 
to have reversed places several 
times, and at other times they wan- 
dered around the geographic poles. 

The study of magnetic rock rec- 
has been extended to man- 


was 


ords 


Deadly Van Allen radiation belt surrounding Earth is created 
by high-speed particles trapped in Earth’s magnetic field. 


made “rocks,” or bricks, by a hus- 
band and wife team of French phys- 
Drs. E. and O. Thellier. By 
studying Roman bricks from_ the 
year 200 B.C., they concluded that 
the Earth’s magnetic field may have 
weakened as much as 65 per cent 
in the last 2,000 years. Because 
bricks contain small amounts of iron, 
they were permanently magnetized 


icists, 


by the Earth’s magnetic field at the 
time they were fired. 

In these experiments, the French 
scientists first measured the intensity 


of the magnetization. Then they 
heated the samples, which erased 
their ancient magnetic records, and 
allowed them to cool and be remag- 
netized in the Earth’s present mag- 
netic field. By comparing the in- 


tensity of magnetization before and 
after heating, they deduced that the 
Earth’s magnetic field must have 
been considerably stronger when the 
bricks were originally fired. How- 
ever, this effect of “frozen-in-rock” 
magnetism is a delicate one, and in- 
volves many unknown factors. Sc- 
entists are still disagreeing on the 
interpretation of these experiments. 

Just as rocks have proviaed us 
with a record of the Earth's magnet- 
ism, the Earth’s magnetism is pro- 
viding us with clues to buried min- 
eral treasure. Different 
oil deposits cause different variations 
in the Earth’s magnetic field. By 
measuring the field directly over the 
deposit, geophysicists can accurately 
predict the nature of the Earth under 
their measuring instru- 
ments. 

This method requires no drilling 
for samples, and the geologist does 
not even have to set foot on the 
ground he is prospecting—the instru- 
ments can be mounted in an air- 
plane, and all the measurements 
made from the air. In this way, inac- 
cessible jungles and mountain peaks 
—as well as the remote Antarctic con- 
tinent—can be mapped for mineral 
wealth. 

In order for the magnetometer to 
escape the magnetic effects of they 
airplane, the instrument must be * 
suspended outside the craft, in a ‘| 
bomb-shaped wooden — container 
called a “bird.” The bird “flies” un- 
derneath the plane, attached to it by 
a hundred-foot cable. 

(Continued on page 47) 


mineral or 


magnetic 


Adapted from Lockheed Missile/Space Div. graphic 


Particles spiral from North to South along Earth’s magnetic 
lines of force, which determine shape of the radiation bell. 
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ORLD 


ThE EARTHMEN 


Two YOUNG EARTHMEN IN PARTICULAR -- 
JOHNNY POWERS ANO HIS FRIENO BILL -- 


DISCUSS THE MOVIE THEY'VE JUST SEEN 
FOR THE THIRD TIME... 


o 4 / SURE, IT'S SCIENCE-FICTION 
ai -- NOW... BUT SO WERE 
JET- PLANES -- AND 

ATOMIC SUBS -- 


A MISSILE IS ANY OBJECT THROWN 
AT A TARGET. EVERY TIME YOU DO 
THIS, YOU'RE LAUNCHING 

A MISSILE. CATCH? 


COPYRIGHT 1959, PICTORIAL MEDIA, INC 


Advertisement 


"REACHED FOR THE MOON *-- 


AND MADE 1T/ 


LATER, IN THE POWERS’ BACK YARD, JOHNNY'S BROTHER 
ED JOINS THE DISCUSSION . i aa 


DO YOU REALLY 
THINK WE COULD 
BE MISSILEMEN 

SOMEDAY, 

JOHNNY ¢2 


WHY, YOU BOYS HAVE BEEN 

LAUNCHING MISSILES FOR 
YEARS -- AND DON’T 
SEEM TO KNOW IT / 


WHAT DO YOU 
MEAN, ED? 


THEN HERE 
GOES A GUIDED 
MISSILE / 





NOT IN TODAY‘S 
TERMS, BILL... 


IT GET UP 
THERE ¢ WHAT 
GUIDES IT? 


HOW ABOUT 

SATELLITES @-- 

WHAT MAKES 
THEM STAY UP? 


GRAVITY 1S THE 

FORCE THAT PULLS 

OBJECTS -- LIKE 

THIS BALL-- TOWARD 

THE CENTER OF 
THE EARTH 


FINE, JOHNNY / NOW, 
HOW ABOUT A BIKE- 
RIDING DEMON STRA- 
TION, TO ILLUSTRATE 
THE NEXT PRINCIPLE -- 
CENTRIFUGAL FORCE? 


TODAY, 'GUIDED MISSILE’ HAS A 


SPECIAL MEANING. IT'S A CRAFT= 


FLYING ABOVE THE EARTH'S 
SURFACE —-WHOSE FLIGHT PATH 


FIRST THINGS 
FIRST, MEN! LET'S 
START OFF WITH 
‘THREE PRINCIPLES... 
GRAVITY FOR ONE-- 


NOTICE HOW YOU HAVE TO 
LEAN INWARD TO OVERCOME 
THE BIKE'S TENDENCY TO 
LEAN OUTWARD WHEN GOING 
AROUND IN A CIRCLE ?-- IT'S 
CENTRIFUGAL FORCE THAT 
IMPELS ALL OBJECTS AWAY 
FROM THE CENTER OF 

THE EARTH. 


I GUESS YOU 
| COULD CALL IT 
|} THE OPPOSITE 

OF GRAVITY, 
COULDN'T YOU? 
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RIGHT! AND OUR THIRD PRINCIPLE |S INERTIA-- 

THE PROPERTY OF A BODY THAT KEEPS IT TRAVEL- 

ING IN UNIFORM MOTION ON THE SAME STRAIGHT LINE 
-- LIKE THAT BALL SAILING ACROSS THE YARD. , 


"THAT BALL WOULD TRAVEL IN A STRAIGHT 
LINE --/F THE FORCE OF GRAVITY DIONT 
PULL 1T BACK TO EARTH.” 


A “RIGHT! BUT TO OO THiS, 1T MUST BE BEYOND © 
NOW, IN GETTING A SATELLITE “J THE ATMOSPHERE, OR AIR ORAG WILL MAKE IT PALL 
INTO ORBIT, THE TRICK IS TO : BACK TO THE FARTH... Sineetia ae : a 
GET IT GOING FAST ENOUGH SO E ;, 
THAT THE FORCE OF GRAVITY IS 
JUST CANCELLED BY THE 
CENTRIFUGAL FORCE -- 
-- AND 
INERTIA 
KEEPS IT 
GOING! 


"SINCE A SPACE VEHICLE CAN'T PUSH AGAINST THE 
CTHE WAY THE PROPELLER OF AN AIRPLANE DOES) TO 
GET IT UP TO THE RIGHT SPEEO -- 


“--/T 15 POWERED BY A ROCKET OR 
REACTION MOTOR. IT WAS SIR ISAAC NEWTON 1 }=3 THAT'S HOW OUR LAWN- 
WHO OBSERVED... “ SPRINKLER WORKS... IT SPRAYS 
7 PS) WATER IN ONE DIRECTION, AND-- 
/ \ BY THIS VERY ACTION, SPINS 
ITSELF AROUND IN THE OPPOSITE 
DIRECTION. IT'S A MODERN 
EXAMPLE OF A PRINCIPLE 
KNOWN FOR CENTURIES... 
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‘ as VW : 
Recent NOBODY OH, BUT “ail “AS FAR BACK AS 1232 A.D, THE CHINESE 
INVENTED ROCKETS THEY OID... WARRED WITH 'ARROWS OF FIRE,’ GUNPOWDER 
BEFORE THIS? B ROCKETS IN WHICH HOT EXPANDING GASES 
=> — sa BLASTING DOWNWARD 


SENT THE HEAD AND 
BODY FLYING UPWARO 
TOWARD THE ENEMY. 


"THE ANCIENT ROMANS 
DEVISED A MILITARY 
ENGINE CALLED BALLISTA, 
BUILT LIKE A HUGE CROSS- 
BOW, TO AIM ANDO HURL 
MISSILES AT THE 
OPPOSITION. 


"ROCKETS, IN THE FORM OF BURSTING 
FIREWORKS, HAVE FILLED THE NIGHT 
: SKIES W/TH COLOR ANO BRILLIANCE 
. a SINCE THE NINTH CENTURY... 
@ "... AND IN THE WAR OF /812, THE BRITISH USED 
§ SHIP-LAUNCHED ROCKETS ( /MMORTALIZED (N THE 
= ROCKETS’ REO GLARE’ OF OUR STAR-SPANGLED 
8 BANNER) 70 SHELL FORT MCHENRY /N BALTIMORE. 


om = 


ROGER! I READ 
YOU LOUD AND 
CLEAR, ED. BUT MAYBE THIS 
HOW DO GUIDED TV SHOW 
MISSILES ACTUALLY WILL HELP, 
WORK 7 > 


"BUT IT WASN'T 
UNTIL WORLD 
WAR I THAT 
REALLY POWER- 
FUL ARTILLERY 
ROCKETS WERE 
DEVELOPED, 
MARKING THE 
BEGINNING OF... 
THE AGE OF 
SPACE.” 


EMM MEP ERE te 
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LATER THAT EVENING... 














--TO TELL YOU SOMETHING ABOUT THE 
"ANATOMY “ OF A MISSILE -- HOW IT WORKS-- 
ITS VARIOUS USES... AND ALSO TAKE YOU 


“BEHIND- THE-SCENES” ATA 


MISSILE - LAUNCHING. 













NOW LET'S LOOK AT 
THE GUIDED MISSILES 
BASIC PARTS... 




































THE GUIDANCE 


SYSTEM, "MASTER- | 


MINOS” THE 
MISSILE, TELLS 
17 WHERE 7O 
GO, KNOWS 
WHERE /7 /S AT 
ANY MOMENT.-- 
WHERE /T SHOULD 
BE. SENS/TIVE, 
PRECISE, 17 MUST 
MEASURE THE 
EFFECTS OF 
GRAVITY, UPPER 
AIR CURRENTS, 
ANDO THE THRUST 
OF THE PROPLL- 
S/ON .SYSTEM . 




































THE PROPULSION 
SYSTEM PUSHES 
THE MISSILE INTO 
SPACE. EVERY 
ROCKET ENGINE 

- CONTAINS A . 
SUPPLY OF FUEL 
AND OXIDIZER-- 


THE "PROPELLANT" 
--ANO THERE ae 


ARE SEVERAL 
DIFFERENT 
TYPES, BOTH 
LIQUID ANO 
SOL/0. 
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THE PAYLOAD, 
HOUSED IN THE 
NOSE CONE, /S 
THE MISSILES 
REAL REASON 


CAN BE AN 
EXPLOSIVE 
CHARGE, A 
SEPARATE 
SATELLITE 
PACKAGE, OR 
INSTRUMENTS 
TO RECORD 
SCIENTIFIC DATA, 


FOR BEING, THIS 











THE INTERNAL 
OR ACCESSORY 
POWER SYSTEM 
PROVIDES THE 
NECESSARY POWER 
TO OPERATE 
FQUIPMENT 
ABOARD THE 
MISSILE BEFORE, 
DURING AND 
AFTER THE ACTION 
OF THE MAIN 
PROPULSION 
ENGINE . 





HERE IS A SCALE MODEL OF THE WELL-KNOWN 
VANGUARD -- THE AMERICAN ROCKET WHOSE 

FIRST. SATELLITE 1S THE LONGEST NOW IN ORBIT. 
STILL SENDING US A WEALTH OF 
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THE AIRFRAME 
KEEPS THE 





MISSILE ANDO ITS 
PARTS INTACT, 
PROTECTING /T 


PRESSURES AND 
TEMPERATURES . 





UNDER EXTREME, We 
RAPIOLY CHANGING 









A 
ae 
ts 
bs 
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Wi UNDERWATER: 7O-: SURFACE 

deen “ ines 
--ANO MOST EXCITING ANO COMPLICATED 
OF ALL-- THE SPACE MISSILE... 


a a a na hh On ay 














THE 
CARRYING /TS OWN 


(1) THE FIRST, 
BOTTOM STAGE /S 
THE LARGEST 
AND STRONGEST, 
FOR /T MUST 
THRUST THE ENTIRE 
» VEHICLE TO A 
HEIGHT OF ABOUT 
38 MILES -- PUSH- 
ING THROUGH 
LAYERS OF AIR AT 
THEIR THICKEST, 
ANDO THE PULL OF 
GRAVITY AT /TS 
STRONGEST. 


VANGUARD WAS BUILT /N THREE S 


(3) AT THE CORRECT HEIGHT AND POS/- 
TION, 17 DROPS OFF... FIRST GIVING THE 
TOP, THIRD STAGE 4 SPINNING MOTION 
TO KEEP IT PROPERLY ORIENTED ON 
THE RIGHT PATH. NOW, FAR L/GHTER 
ANO WELL ABOVE GRAVITY AND AIR 
FRICTION, THE THIRD STAGE SPEEDS 
ALONG AT 18,000 MILES AN HOUR / 


(2) HAVING DONE /TS WORK AND BURNEO OUT, THE 
BOTTOM STAGE DROPS OFF--GREATLY LIGHTENING THE 
LOAD. NOW, THE SECOND STAGE ENGINE TAKES OVER 
AND PUSHES THE ROCKET EVEN HIGHER ANDO FASTER, 
DIRECTING /TS COURSE. THE "BRAIN" THE CONTROL 
OF THE ENTIRE ROCKET LIES IN THIS SECTION. 


EVENTUALLY, THE SATELLITE FALLS 
BACK INTO THE EARTH'S ATMOSPHERE, 
WHERE (TS CONSUMED BY THE HEAT OF 
FRICTION. BUT ITS KNOWLEDGE 1S NOT I 
LOST. ‘TS TINY RADIO HAS SIGNALLED 
ITS DISCOVERIES BACK TO EARTH 

THE FIRST VANGUARD SATELLITE ~ ONLY 
6 INCHES IN DIAMETER -- 1§ EXPECTED 
7O STAY UP FOR 200 YEARS! 


ECTIONS OR "STAGES,” MOUNTED ONE ATOP THE OTHER, GACH 
ROCKET MOTOR. HOW DO THREE-STAGE MISSILES WORK ? 


(4) FINALLY, AT 
THE 300-MILE 
MARK, IT EJECTS 


1 THE PAYLOAD -- 


A SPECIAL 
SATELLITE PACK 


| AGE --/(NTO ORBIT 
1 AROUND THE 


EARTH. THIS 
SATELLITE SPHERE 
MADE OF MANY 
METALS, /S 
PACKED WITH 
INSTRUMENTS TO 
MEASURE SCIEN- 
TIFIC DATA ANO 
TRANSMIT IT 


| BACK TO EARTH. 


AND NOW LET’S VISIT CAPE CANAVERAL, FLA.--MISSILE TESTING GROUNDS -- FOR AN 
ACTUAL LAUNCHING OF A SPACE-CRAFT-- PERHAPS THE MOST THRILLING SPECTACLE OF 
OUR TIMES. THE GROUND SUPPORT EQUIPMENT AND FACILITIES, ON WHICH A SUCCESSFUL 
LAUNCHING DEPENDS, ARE ALMOST AS COMPLICATED AS THE MISSILES THEMSELVES... 


ON CERTAIN 

| MISSILES, A 
MISSILE 
EXERCISER 
CHECKS OUT 
THE CONTROL 
SYSTEM 
BEFORE THE 
MISSILE /S 
MOVED TO 
THE LAUNCH 


A CHECKOUT BENCH-- A COMPLEX 
SYSTEM -- PERFORMS /O00 TESTS ON 
THE MISSILE’S ELECTRONIC EQUIP- 

MENT... THEN 4O CHECKS ON /TSELF 


7O BE SURE /T'S RIGHT! 
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ie 
ON THE LAUNCH: ; 
ING PAO, THE . 
MISSILE. BOOY 
STANDS UPRIGHT 
AND THE NOSE 
CONE /S PUT ON-- 
BEFORE ROLLING ¥F 
AWAY THE 
"GANTRIES “-> 

THE STEEL 
TOWERS WHICH 
SUPPORT THE 
ROCKET WHILE 
(T15 IN PLACE... 


ABOUT (000 
FEET AWAY /S 
THE BLAST- PROOF 
"“BLOCKHOUSE" 
A CONTROL 
ROOM FURNISHED 
WITH INTRICATE 
INSTRUMENTS, 
MANNED. BY 
HIGHLY- TRAINED 
SPECIALISTS 
AND TOP 

F GOVERNMENT 

§ OBSERVERS. 


Ee THE COUNT - 

= DOWN STARTS... 
MEN ANC 
MACHINES 
CHECK OUT THE — 
EQUIPMENT, 
QNE GY ONE. 
AS FACH VITA 
DETAIL 1S 
ey QVERED, THE 
BACKWARO 
COUNT CON- 
TINUES «,.. 


BURNING FUEL AT A FANTASTIC RATE, THE ROCKET MOVES... 
SLOWLY AT FIRST. THEN, AS THE FLAMING HIGH-PRESSURE 
GASES BLAST OUT THE TAIL ENO AT 4500 MILES AN 
HOUR, REACTION FORCE EXERTS A GIANT PUSH AND 
PROPELS THE MISSILE INTO. THE SKIES / 


— 
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BOY, DID YOU 
SEE THAT THING 
TAKE OFF? 


I'D SURE LIKE 
TO HAVE BEEN IN 
THAT BLOCKHOUSE 
AT THE COUNTDOWN ! 


NEXT MORNING ... 


DR. HARRIS IS ONE OF THE 
HUNDREDS OF SCIENTISTS IN 
GENERAL ELECTRIC'S MISSILE 
PROGRAM. HE’LL TELL YOU MANY 
INTERESTING THINGS-- PROVIDED 
THEY'RE NOT ‘CLASSIFIED’. ( 


Pa SRF 


ove GOT AN IDEA FOR YOU 

f TWO... ASK BILL IF HE'D LIKE 

TO LEARN MORE ABOUT 
MISSILES FROM A MAN 
WHO HELPS MAKE THEM! 


OF COURSE, YOU BOYS 
REALIZE THAT THE SUBJECT 
OF MISSILES IS SO BROAD 
AND COMPLEX, I COULDN'T 
COVER IT IN A LIFETIME... 


"THROUGHOUT THE COUNTRY, HUNDREDS OF COMPANIES, THOUSANDS OF SCIENTISTS, ENGINEERS, 
BUILDERS -- AND EVEN SOME WELL-EDUCATED ANIMALS -- ARE BUSILY AT WORK, EACH ADDING 
SPECIFIC SKILL “ANDO KNOWLEDGE TO THE GROWTH AND DEVELOPMENT OF THE U.S. MISSILE PROGRAM.” 


TL 


Ras 024 RAR i Oe, 
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«$0 THE BEST 
I CAN DO IS GIVE 
YOU A LITTLE IDEA 
OF WHAT SOME OF 
US AT G.E. ARE DOING, 
FOR INSTANCE-- 


"HERE WE 
DEVELOPED 
THE GUIDANCE 
SYSTEM FOR 
AIR FORCE'S 
ATLAS INTER- 
CONTINENTAL 
BALLISTIC 
MISSILE -- 


AS PART OF THE JOB, 
G.E. TRAINS FUTURE 
MISSILEERS IN THE OPERATION 
OF LAUNCHING AND GUIDANCE 
SYSTEMS-- GIVING THEM 
PRACTICAL, ON-THE - 


THAT'S 
FOR ME! 


"AT SYRACUSE, N.¥. DEFENSE ELECTRONICS DIVISION HEADQUARTERS. 
PIONEER IN EARLY RAOAR RESEARCH-- WE PRODUCE AND DEVELOP 
AOVANCED ELECTRONIC SYSTEMS FOR THE ARMED FORCES. “ 


ei ee x | 
pes 


( F] 


p= 


"SO ACCURATE, SO” 
PRECISE /S THIS™ 
RADIO- COMMAND: 
GUIDANCE SYSTEM 
THAT /T SENT ATi 
"RIGHT DOWN THE 
RIFLE BARREL’ 
ONTO THE BULLSEYE# 
Sr. A TARGET POSITIONS 
i. FAR OFF IN THE... 
Memes) SOUTH ATLANTIC“ 


“HERE IN 

SYRACUSE, 
WE DESIGNED 
A SPFCIAL, 
SENSITIVE AM- 
PLIFIER THAT -- 
WITH A STANDARD 
18-FOOT ANTENNA 
-- PICKED UP THE 
SIGNALS FROM 
THE ARMY'S DEEP- 
SPACE PROBE 


THROUGH SPACE } 
OVER 407,000 
MULES AwAy/” 
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NOW, LET'S 'TRAVEL’ TO 
PITTSFIELD, MASS. -- HOME OF 


THE ATLAS GUIDANCE TRACKER, 


A VITAL PART OF THE 
, GUIDANCE SYSTEM... 


WON A ROCKY MOUNTAIN- TOP 
; A STRANGE BUILDING -- 
SPECIALLY CONSTRUCTED, REMOTE, 
FREE FROM VIBRATIONS. 


CLES MAY DISTURB THE FINE 
ANCE OF A TRACKER 


"THEIR SHOES 
ARE CLEANED 
BY A POWER- 
DRIVEN 
MACHINE... 


" FOLLOWING THE MISSILE IN ITS POWERED PHASE, THE 
TRACKER REPORTS THE EXACT POSITION TO THE GUIDANCE 
COMPUTERS, SIGNALLING THE FLIGHT CONTROLS THAT 
OIRECT THE MISS/LE TO THE TARGET/” 


5 3 i, 


Ml HERE, THESE 


| TRACKERS 
ARE AS- 
SEMBLED 
MEN ANC TESTED 
} ) UNDER THE 
] STRICTEST 
CONDITIONS" 


"--FOR U.S, DESTROYERS 
CARRYING TARTAR 

CA SURFACE-TO- 

AIR ANTI- AIRCRAFT 
MISSILE), TO TRACK Vy 
TARGETS MOVING 
AT SUPERSONIC 
SPEED, ILLUMINATE 


THEM, AND SUPPLY 


4 
THEIR POSITION ..1 fs 
AND -- 
Go 
pr F 


“FOR NAVY'S POLARIS 
CAN UNDERWATER- 7TO- 
SURFACE OPERATION), 
TO COMPUTE THE sUB'S 
POSITION, MOTIONS 
AND TARGET LOCATION, 
SO THE M/SSILE WILL 
BE AIMEO AT THE 
TARGET. ” 


mane eens nao Stat ae am patie tis Sea. S| 
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NOW, HERE'S UTICA, N.Y., 
WHERE WE CONCENTRATE ON ".. AND AIR FORCE AND 
AIRBORNE AND SPACE NATO NATIONS. G. E.'S 
ELECTRONICS. DO YOU BOYS UTICA PLANT PRODUCES 
KNOW ANYTHING ABOUT THE INFRA-RED GUIDANCE 
‘SIDEWINDER’ 2 DEVICE OF THIS AIRCRAFT 


ROCKET -- WHICH JS GUIDED 
BY THE HEAT OF THE 
TARGET ITSELF?" 


YES, SIR! IT'S 
AN AIR-TO-AIR 
MISSILE USED 
BY THE NAVY... 


“SIDEWINDER 1S SO ACCURATE, IT HAS SHOT A FLARE-POT OFF 
THE WING OF A PLANE AT A RANGE OF SEVERAL MILES /” 


"BACK IN 1943, WE 
BEGAN TO EXPLORE 
THE MYSTERIOUS 
INFRA- REO RAY, 
WHOSE LONGER 
WAVE -LENGTHS 
GIVE IT SPECIAL 
PROPERTIES... NOW. 
AT ITHACA, WE 
ARE DELVING INTO 
NEW AND EXCITING 


a eo 
as 


ULTRAVIOLET = H INFRARED 


THIS INVISIBLE RAY, WHICH CAN BE 
MEASURED AND TRANSMITTED, IS AT 
LAST BEING PUT TO WORK IN TRACKING 
SYSTEMS THAT THE ENEMY CANNOT 

DETECT / 
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BVENDALE, OHIO, WHERE METALS ANDO CERAMICS "“EVENDALE RESEARCH HAS PRODUCED IMPROVED 
BEING DEVELOPED AND IMPROVED 70 BOOST CASES FOR SOLID PROPELLANTS -- THE 
ISILE PERFORMANCE. NEW TECHNIQUES HAVE SIMPLEST ANO MOST PRACTICAL OF MISSILE 


BDUCED M/SSILE COMPONENTS THAT WITH - FUELING SYSTEMS, “ 
WO A FLAME TEMPERATURE OF 6000° F. * ’ 


AND NOW, CAN 
YOU BOYS GUESS 
ID, AT THE MALTA, N.Y... ROCKET TEST WHAT THIS 
MATION, ADVANCED VERSIONS OF THE LIQUID OBJECT 1S? 
DCKET ENGINE WHICH POWERED THE FIRST 
ESTAGE OF VANGUARD ARE BEING DEVELOPED 
SAND TESTED. ” 


T IN PIONEER IZ, THIS 
INY OBJECT OF METAL 
"AND CERAMIC CONTINUED 
' TO SEND INFORMATION TO 
EARTH LONG AFTER THE 
SATELLITE PASSED THE 
“MOON AND ENTERED /TS 
NORGIT AROUND THE SUN -- 
DA DISTANCE OF MORE THAN 
700,000 MILES --AN AlL- | 
TIME COMMUNICATIONS RECORD! 
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THIS 'Toy’-- 
DEVELOPED BY G.E. 
AT OWENSBORO, KY., 
IS ONE OF OUR 
MIGHTIEST 
, MESSENGERS 
}] FROM OUTER SPACE! 





"TO DESCRIBE OUR WORK AT LYNN, "LAUNCHED FROM THE UNDERSIDE OF A 8-52 JET fi 
MASS., TiL TELL YOU ABOUT NORTH | BOMBER, ROCKET AND PILOT RACE 100 MILES INTQ 
AMERICAN'S X+1$. ONLY SO FEET 


UPPER ATMOSPHERE, AT A SPEED OF OVER 3,600 4 EHIC 
LONG, 17'S THE MOST ADVANCED MILES AN HOUR / 
ROCKET TO CARRY A HUMAN BEING -- AN? - 


BRING AIM yO THE FRINGES OF SPACE.. 


"THERE, MAN ANO MACHINE RECORO THE EFFECTS 
WY, ¥ OF EXTREME ALTITUDE FLIGHT FOR FUTURE 
je (a Ww SPACE VOYAGERS.” 

IS THE X-15 Vey YES-- [ YOU SEE, JOHNNY, A ROCKET AND OPERATE THE 
LAUNCHED \? RY | ENGINE PROVIDES ONLY PROPULSION SPEED BRAKES, 7 
FROM THE | POWER UNiT-- ... YOU NEED A SEPARATE SOURCE | LANDING FLAPSA 
BOMBER BY DEVELOPED BY | OF POWER AFTER THE ENGINE HAS CONTROLS THATS 
A REACTION | GENERAL ELECTRIC | DIED OUT, TO KEEP THE PILOT BRING MAN ANDI 
MOTOR? -- | TO PRODUCE ALL THE] | WARM, AND OPERATE THE MACHINE BACK SA 
LIKE A POWER NECESSARY | GUIDANCE SYSTEMS AND THE 

REGULAR TO KEEP THE PILOT COMMUNICATION AND 

ROCKET? / ALIVE AND BRING THE RECORDING EQUIPMENT. 
Y SPACE RESEARCH PLANE " 

BACK TO EARTH/ 


THAT STAGGER THE 
IMAGINATION -- SUCH 


NO FUEL, HAS NO 
ING PAIRTS-- AND 
PRODUCE ELECTRICITY 

2 FOREVER / 


LAST, A 
QUICK 'TRIP’ 
TO PHILADELPHIA, 
PA., WHERE--AS 


“HOUSING THE PAYLOAD --A NUCLEAR WARHEAD -- THE 
RE-ENTRY VEHICLE MUST BE MADE OF MATERIALS TO SHIELD 
/T FROM THE FANTASTIC HEAT GENERATED AS IT PLUNGES 
BACK INTO THE ATMOSPHERE FROM OUTER SPACE ~ FROM 
hd 
PART OFA A PEAK HEIGHT OF CLOSE TO A THOUSAND tall 
SCIENCE - INDUSTRY- BIN cn ee 
GOVERNMENT >= a 
TEAM--G.E. WORKS Nail aS A ih 
ON MISSILE | 


\ NS a | 48 
RE-ENTRY 
VEHIC "LES FOR 


‘ 2 " ty oo] : 
\ THE U.S. tl ls 
AIR FORCE... , 
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T 
INTQ 


"Ip TEST RE-ENTRY 
AND SHA. OR 


"WEAT RESISTANCE, MISSILE ENGINEERS ON 


GE SCIENT/STS EARTH NEED A COMPLETE 


DEVISED A SHOCK : RECORD OF !TS 
- PERFORMANCE... 
INEL 1 WHICH |————_al ‘* 

BEOIMENS ARE 

POSED TO 

PERSONIC SHOCK 


WAVES, AND A 


ib LARGE AIR ARC 


j 


4 


PRODUCES 
PERATURES 
RTO 12,000°F!/" & 


“HO! ws THE ‘MISSILE DATA RECOV 
ey THis THE VEHICLE ALSO CARRIES THE 'MISSIL OVERY 


i CAPSULE'-- DEVELOPED IN PHILADELPHIA, THIS ELECTRONIC 
OF SPACE? Se ‘ MESSENGER ' RECORDS FLIGHT INFORMATION... 


a 
THE VEHICLE'S “SHORTLY BEFORE Rw, «—L- ON STRIKING 

RADIO RELAYS TO THE RE-ENTRY = WATER, /T SENDS 
EARTH ALL IMPORTANT \ VEHICLE PLUNGES ni a ? RADIO SIGNALS, 
DATA ON THE ENVIRON: \ /N7O THE OCEAN, RELEASES DYE 
MENT ENCOUNTERED, THE CAPSULE 1S i MARKERS, DETO+ 
AS WELL AS ON THE | THROWN FREE... Wi// NATES A BOMB, * 

VEHICLE‘S OWN Be = AND ACTIVATES A 
PERFORMANCE. THEN, : : : FLASHING LIGHT. 

TO BACK UP THIS : 

INFORMATION -- 


... WHICH IS LATER OPENED TO YIELD ITS 
TAPE-RECORDED INFORMATION. RECENT 
CAPSULES HAVE ALSO CARRIED CAMERAS, 
OBTAINING THE FIRST PHOTOS FROM OUTER 
SPACE OF THE EARTH AND SUN, TAKEN 
FROM A TRAVELLING SPACE VEHICLE.” 


"PLANES AND SHIPS, 
ALERTED TO /TS 
LOCATION, FIND AND *® 
RECOVER THE CAPSULE... 


«, 4 
WE SUPPORT — MAINTAINING LIFE 1N aes oe ie 
TER SPACE —/S AN IMPORTANT STUDY ' ULTIMATE GOAL -- 
ME. MICE, MONKEYS ANDO MAN — ALL MANNED INTER- 
L WITH AN INTERNAL TEMPERATURE FOR EXAMPLE, 
BOUND 75°F. 7O PROTECT OUR 
SPACEMAN AGAINST 
THE ENORMOUS 
FORCES OF 
GRAVITY IN TAKE- 
OFF AND RE-ENTRY 
HE MAY TRAVEL iN 
AN INDIVIDUALLY 
TAILORED CONTOUR 
SEAT, MOLDED 
FROM A PLASTER 
CAST OF HIS OWN 
BODY IN ‘FLIGHT’ 
POSITION .“ 
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Science in the news 


Gravity Sickness 


Gravity can make a man sick, as 
Captain Duane E. Graveline found out 
after living for a week without it. 


Captain Graveline, an Air Force doc- 
tor, spent a week immersed in a king- 
sized bathtub. Pressure of the water 
made his body practically weightless. 

After stepping out of the tub, he 
found that his muscles had become 
like dough and that his bones had 
softened. A few minutes after leaving 
the tank he became violently ill and 
had to climb right back. 

Captain Graveline designed the ex- 
periment to test the effects prolonged 
weightlessness might have on space 
travelers. He was his own guinea pig. 
The temperature of the water in the 
400-gallon tank was carefully controlled 
to remain at 91.4 degrees F. The Air 
Force doctor was clad in a skindiver’s 
plastic suit, and strapped to an alumi- 
num beach chair to keep from floating 
at the top of the tub. His head was 
supported out of the water on a foam- 
rubber pillow. 

Climbing out after a week in the 
tank and subjected to normal gravity, 
he wobbled drunkenly, his movements 
were jerky, he breathed with difficulty, 
and slowly turned blue. 

Tests showed that his blood pres- 
sure and pulse were abnormal, and his 
muscles and bones had softened. After 
being weightless for a week, gravity 
made him sick. He could talk clearly 
only after climbing back into his tub. 

The experiment shows that unless 


Capt. Duane Graveline eats his supper 
water. Water's pressure opposes pull of gravity on his body. 


while in tub full of 


artificial gravity is provided for an as- 
tronaut in space, he will suffer when 
he returns to Earth. 

The young doctor expects his bones, 
muscles, and circulation to return to 
normal in a few weeks. One discovery 
he made while in the tub: he did not 
need much sleep. Weightlessness re- 
duced his sleep requirements to only 
one hour a day. This may mean that 
astronauts will be able to work around 
the clock, or at least 23 hours a day. 


Echoes from the Sun 


Man may have made his first direct 
contact with the sun. Ten months ago 
Stanford University scientists directed 
powerful radio waves at the sun and 
received signals in return. 


After analyzing the results, the sci- 
entists believe the signals picked up 
by their sensitive radio receivers had 
actually bounced off the sun’s surface. 

This is the most significant achieve- 
ment to date in the young science of 
“radar astronomy,” in which radar pulses 
are bounced off the planets. An Army 
Signal Corps group bounced radar sig- 
nals off the moon in 1946. More re- 
cently, signals were bounced off Venus. 

The radar contact with the sun was 
made with a 40,000 watt transmitter— 
the power of an average local broad- 
cast station. The signals were beamed 
to the sun on a frequency of about 
26 megacycles, and could have been 
heard on most short-wave receivers. The 
transmitter used a very large antenna 
of the type used by transatlantic short- 


et 
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wave stations. It took up five miles of 
wire and looked like a forest of tele- 
phone poles in a meadow. The sun 
was in the antenna’s beam for only 
about 30 minutes after 
only during the few days a year when 
the sun is near the equinox. (This is 
the time of year when the sun is di 
rectly over the Equator. Days are the 
same length as nights all over the world. 
The sun crosses the Equator twice a 
year—about March 20 and Sept. 23. 

The transmitter was turned on and 
off every 30 seconds for 15 minutes. 
Then the receiver was connected to 
the antenna to listen for the echo. 
Each radar pulse traveled to the sun 
and back to Earth in about 1,000 sec- 
onds, or 16 minutes (the sun is about 
93,000,000 miles away, and the radar 
pulses travel at the speed of light, or 
186,000 miles per second). The echoes 
recorded on magnetic tape so 
that they could be analyzed in detail. 

At this point in the experiment the 
scientists faced a real problem: How 
could they be sure the signals they 
heard were really echoes from the 
sun? The radio receiver was very sen- 
sitive. But a sensitive receiver picks 
up many extra radio noises—from the 
electron tubes themselves, from radio 
sources on Earth, from atmos- 
phere, and from parts of the sun it- 
self which send out very powerful ra- 
dio waves. 

To get around this problem, the sci- 
entists “coded” their transmitter by 
making it send out a group of radar 
pulses instead of a continuous sig- 
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Stepping out of tub after seven days, Air Force doctor be- 
came very ill. Tub simulated weightlessness of outer space. 
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nal, If the signal later picked up by the 
receiver was “coded” in the same way, 
the scientists could be sure that it 
was the echo of their own signal. 

An IBM computer was used to com- 
pare the received signal with the trans- 
mitted signal, to see how well it fitted 
the code. After six months the com- 
puter came up with the answer: The 
probability that the received signal 
was an echo was 100,000 to one, or 
almost certainty. The scientists could 
now definitely say that they had con- 
tacted the sun. 

The computer also showed that the 
echoes were actually reflected from 
the sun’s corona, the luminous envel- 
ope which surrounds the sun. The 
corona is about 500,000 miles away 
from the sun’s visible surface. 

Bouncing radar waves off the sun 
may help scientists forecast radio 
“blackouts” caused by sunspots and 
magnetic storms (see pp. 13-16 this 
issue). 


Moon Radio Relay 


In the future, long-distance tele- 
phone calls may arrive at your home 
via the moon. 


This possibility was illustrated when 
the Navy sent a radiophoto from An- 
napolis, Maryland, to Hawaii by bounc- 
ing radio signals off the moon. 

Radio signals were first bounced off 
the moon in 1946 by the Army Signal 





Corps. Engineers now have succeeded 
in using the moon as a relay station. 

Advantage of the moon relay: It uses 
ultra-high frequency radio waves (mi- 
crowaves). Microwaves are unaftected 
by weather disturbances or even by 
magnetic storms which usually blanket 
out normal radio communications (see 
pp. 13-16, this issue). In the heavy 
magnetic storm of November 1959, the 
moon relay got through to Hawaii 
when all other radio links failed. Mi- 
crowaves travel only in straight lines 
and cannot curve around the Earth. 
Only the moon or a satellite can bounce 
them back to Earth. 

The moon relay has one disadvan- 
tage: The moon must be above the 
horizon at both sending and receiving 
points. In the case of Annapolis and 
Hawaii—4,580 miles apart—this period 
may last only five hours a day. 


Biggest Balloon 


The world’s biggest balloon was sent 
aloft to take pictures of the elusive 
radiation from outer space—the power- 
ful cosmic rays. 


The huge “skyhook” balloon, nearly 
as tall as a 50-story skyscraper, was 
released from the deck of the aircraft 
carrier Valley Forge near Puerto Rico. 
It rose 116,000 feet (22 miles) before 
descending. 

The unmanned helium-filled balloon 
carried a 2,500-pound gondola under 
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Prof. Von R. Eshleman of Stanford University draws diagram showing how radar 
signals were bounced off sun. Signals took slightly over 16 minutes to make the 
186,000,000-mile round trip. A 40,000 watt transmitter, huge antenna were used. 
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World's largest balloon is launched from 
aircraft carrier to study cosmic rays. The 
50-story-tall helium-filled balloon car- 
ried 3,000 Ibs. of scientific equipment 
to altitude of 116,000 ft. (22 mi). 


its gas bag. Inside the gondola were 
large blocks of photographic emulsion, 
similar to that on ordinary camera film. 
The emulsion was designed to record 
the impact of primary cosmic rays. 

Primary cosmic rays are those rays 
from interstellar space which have not 
yet collided with atoms in the Earth’s 
atmosphere. Such rays are 50 times 
more energetic than those found in 
an exploding atomic bomb. To avoid 
the effects of the Earth’s atmosphere, 
the balloon had to rise 116,000 feet. 

A balloon was used rather than a 
rocket because of the heavy payload. 
The stacks of photographic emulsion 
were seven inches thick and weighed 
800 pounds. The thick stacks recorded 
not only the primary cosmic rays but 
the secondary particles as well. These 
were created when a primary ray col- 
lided with an atom in the emulsion. 
Only secondary particles and rays can 
be observed on the Earth’s surface due 
to the density of the air. 

The photographic emulsion should 
show the relation between primary cos- 
mic rays in space and observations of 
cosmic radiation made on the surface 
of the Earth. 

Navy planes followed the balloon un- 
til it neared the coast of Venezuela. 
To keep it from being lost in the 
jungle, the gondola was brought down 
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by radio command. It fell into the 
ocean and was picked up by a de- 
stroyer stationed in the area. By the 
time the gondola was fished from the 
sea. its plastic covering had been badly 
chewed by sharks, but the blocks of 
emulsion had remained intact. 


Warmer Gulf Stream 


The Gulf Stream has warmed up— 
about five degrees in the last 60 years. 


A “river” in the Atlantic, the Gulf 
Stream originates between Cuba and 
Florida, flows along the eastern coast 
of the U.S., then curves northeastward 
toward Europe. The temperature of 
the Gulf Stream is important, for it 
helps determine the weather over the 
eastern coastal areas. Winds blowing 
west across the North Atlantic are 
warmed as they pass over the Gulf 
Stream, giving the coast a warmer and 
more even climate than inland areas. 

Dr. J. Bjerknes of the University of 
California found the increase in tem- 
perature after studying North Atlantic 
temperature records from the 1880's to 
the early 1940’s. Highest warming was 
along the Gulf Stream from North Car- 
olina to the southern edge of the 
Newfoundland Banks. 

Warming to a lesser degree was 
found in most other parts of the Gulf 
Stream, except for a small tempera- 
ture decrease in a zone west of Ireland. 

Although the Gulf Stream warm- 
ing period has lasted through the 60 
years measured, changes in surface 
temperatures over the rest of the North 
Atlantic show a warming and then a 
cooling every few years. 

The rise in -the Gulf Stream’s tem- 
perature may be related to the general 
rise in the Earth’s temperature dis- 
covered during the International Geo- 
physical Year. Scientists have found that 
since 1912 parts of Antarctica have 
warmed by an average of five degrees. 
Temperatures are up about ten degrees 
on the island of Spitzbergen in the 
Arctic Ocean, and Arctic ice is one- 
third thinner than 60 years ago. 


Two-Edged Virus 


In 1951 a deadly infectious disease 
of rabbits called myxomatosis was de- 
liberately introduced into Australia. 
The disease swept rapidly over im- 
mense areas, wiping out almost every 
rabbit that contracted it. 


Myxomatosis is a virus disease, dan- 
gerous only to the common European 
rabbit. It is carried by the mosquito 
and is nearly 100 per cent fatal. The 
virus was released in 1950. Four years 
later the disease had spread to all of 
southeastern Australia. 
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Wide World photo 


Huge supersonic wind tunnel will create winds up to 3,000 mph to help Air Force 
solve space travel problems. “Grille’’ in which man stands cools air before it 
reaches test section. Heat is absorbed by circulated water—65,000 gals. per min. 


Myxomatosis was a boon in Australia, 
where it helped to wipe out a rabbit 
nuisance causing millions of dollars of 
damage each year. 

The following year the disease mi- 
grated to England, where rabbits were 
also damaging vegetation. It spread 
slowly at first, until man decided to 
give nature a hand. Eager to clear the 
countryside of rabbits and improve 
vegetation, the Ministry of Agriculture 
spread the disease by turning loose in- 
fected rabbits. It wiped out about 
100,000 rabbits. 

Soon there were few rabbits to be 
seen. Vegetation began to change. In 
some places ground cover improved. 
There was a greater range of grass 
species, many more nutritious to live- 
stock. Even the soldier orchid, a wild 
orchid believed extinct in Britain, be- 
gan to flower. With no rabbits to nib- 
ble tender roots, many plants began 
to grow luxuriantly. 

But the delicate balance of nature 
had been upset. Disturbing signs be- 
gan to appear. Flowers were unable 
to withstand the new competition from 
coarse grasses and woody plants, which 
rabbits once held in check. Meadows 
became choked with coarse grass. 
Ground-loving birds, such as larks and 
wheatears, had trouble finding food. 

Last year there was some hope the 
trend might reverse itself. New and 
weaker strains of myxomatosis devel- 
oped. Only about half the remaining 
rabbits were becoming infected. Most 


of the surviving rabbits became im- 
mune. Rabbits have increased to nearly 
10 per cent of their previous number. 

But Britons fear that some places 
will never be the same—a scarred re- 
minder of unscientific meddling with 
nature's delicate balance. 


Antibodies 


The intricate process by which the 
body’s natural defenses deal with for- 
eign invading cells has been identified. 


Dr. Howard Green and Dr. Burton 
Goldberg of the New York University 
College of Medicine have found that 
the defense substances—antibodies and 
a protein substance called complement 
—apparently act by making minute 
“holes” in the outer membrane of an 
invading cell. The holes permit a rapid 
and abnormal flow of cell materials into 
and out of the invading cell, upsetting 
its balance. The cell begins to swell. 

The swelling causes the holes to 
stretch. More materials essential to the 
cell’s normal functioning escape. Their 
escape kills the cell. 

Complement is the chief factor in 
producing the holes. It has been known 
for decades that antibodies and com- 
plement act together against a foreign 
invader, but the report by Dr. Green 
and Dr. Goldberg is the first thorough 
analysis of the process of the antibody 
and complement attack. 

This research has given scientists 
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new clues to the important question 
of how the body reacts to foreign cells. 
It also sheds light on the question of 
what happens when tissue is trans- 
planted from one individual to another. 
(The January 13 issue of Science 
World described the antibody reac- 
tion to transplanted tissue.) 

Dr. E. A. Zotikov of the Institute of 
Experimental Biology, Moscow, has re- 
ported that if a piece of transplanted 
skin is sufficiently large, it may over- 
whelm the body’s natural defenses 
which tend to reject it. 

Skin grafts from one person to an- 
other ordinarily slough off in a few 
days or a few weeks. In Dr. Zotikov’s 
experiments skin grafts were made in- 
volving more than one third of a rat’s 
body. In some instances the transplants 
survived more than eight months. 

If medical scientists solve the prob- 
lem of skin grafts, they will be able 
to restore the scarred tissue of burn 
victims, and replace diseased organs 
with healthy ones. 


Carp Poison 


In New York State carp are breed- 
ing at such a rapid rate that they 
threaten to upset spawning of prized 
game fish by rooting up lake and river 
bottoms while feeding. 


Scientists are seeking a_ practical 
carp-killing poison. In the search they 
have uncovered a weakness in carp 
for certain flavors. This weakness may 
lead to their undoing. 

Howard A. Loeb and William H. 
Kelly, fishery biologists with the New 
York Department of Conservation, have 





Deep-sea diving record of 37,800 feet (over 7 miles) was set by 
bathyscaph Trieste, shown being lowered for trial run. Two- 
man crew rode “bubble” below hull of 75-ton diving craft. 


discovered that a few drops of a carp- 
cherished flavor squirted into a_ tank 
will cause the carp to start looking 
wildly for food. Some of the flavors 
carp like are tobacco juice, instant cof- 
fee, and especially imitation maple. By 
disguising an unpalatable poison with 
one of these flavors, the carp will take 
the poison readily. 

To date more than 1,700 poisons 
have been tested, with some 500 poi- 
sons still left to be tested. Of all poi- 
sons tested, 135 have proved to be 
good carp killers in force-feeding. But 
when the poisons were dropped into 
a tank the carp detected more than 
half of them and spit them out. A 
dozen of those tested seemed effective. 

The two scientists get many inquir- 
ies concerning their work. “And _ then, 
there’s always the reverse twist,” says 
Mr. Loeb. “Here we are, trying to get 
the carp out of the waters so the other 
fish’'ll be happier. Over in Israel they 
raise carp commercially for food. The 
other day we had an inquiry from Is- 
rael—they wondered whether we could 
help on a problem they had. Other 
fish were invading their carp ponds.” 


Dive 7 Miles Deep 


Teeth chattering from the cold, Dr. 
Jacques Piccard and Lieutenant Don 
Walsh climbed out of the Navy’s 
bathyscaph, (Trieste), after diving to a 
depth of 37,800 feet in the Marianas 
Trench. 


They had gone deeper than man 
had ever dived before. 

This was the same two-man team 
that on January 7, 1960, made a rec- 


ord dive of 24,000 feet in the same 
Marianas Trench in the South Pacific. 
During their latest dive, they had gone 
farther below sea level than Mt. Ever- 
est rises above sea level (29,028 feet). 
The Marianas Trench, an underseas can- 
yon, is believed to be the deepest de- 
pression in the oceans. 

The two scientists encountered no 
difficulty during the probe. They spent 
about one-half hour on the bottom and 
reported seeing living and moving ob- 
jects at 37,800 feet. One of the major 
discoveries: fish living at such great 
depths. This finding indicated that both 
fish and water currents are found at 
that depth. Some scientists had _be- 
lieved that the ocean depths were a 
safe burial place for radioactive wastes. 
The presence of currents indicates that 
radioactive material dumped _ there 
would eventually rise to the surface. 

The two scientists also experimented 
with the transmission of man-made 
sounds under water. Information on the 
behavior of sounds under water is im- 
portant in the development of im- 
proved sonar devices for detecting 
enemy submarines. 

The bathyscaph carries equal weights 
of gasoline and steel shot. It is sub- 
merged by evacuating air from the 
end chambers and replacing it with 
water. At the end of the dive, when 
the scientists wish to surface, the shot 
is released at the bottom and_ the 
buoyant gasoline floats the bathyscaph 
back to the surface. Maneuverability 
is provided by electric-powered propel- 
lers. The hull of the 75-ton bathyscaph 
sustained a pressure of 16,884 pounds 
a depth of 7.15 


per square inch at 
miles. 

On February 4, the two 
were presented with citations by Pres- 
ident Eisenhower. 


divers 





~~ 
UPI photo 


Scientists aboard auxiliary ship checks bathyscaph’‘s descent 
on precision depth recorder. Descent was made in Marianas 
Trench in South Pacific, world’s deepest undersea canyon. 
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What Happe : s and Why 


By THEODORE BENJAMIN 


A picture is worth a thousand words, according to an old Chinese proverb. 
Nevertheless, to get the sense and importance of a picture we must be ready to 
translate the picture into words. In fact, some newer types of examination questions 
test your ability to examine a picture or diagram, determine from it the basic 
principles involved, and then, drawing on your background of previously ac- 
cumulated knowledge, find out how well you can answer questions about the 
picture. 

Here are several such story-pictures. See how well you can use your powers of 
observation and knowledge to answer the questions proposed for each. 


STEAM-PIPE 
OUTLET 


SMOKE STACK STEAM DOME BAFFLE PLATE SAFETY 





SUPERHEATER 








SLIOE VALV 


The above diagram is a cross-sectional view of a typical old-fashioned steam 
locomotive. After examining the diagram see if you can answer these questions. 

1. Why is an air intake necessary? 

2. Why is the steam pipe which leads to the cylinder begun in the steam 
dome? 

3. What is the purpose of the superheater? 

4. What is the purpose of the slide valve? 

5. Why is the steam-pipe outlet, which carries the exhaust steam from the 
cylinder, exhausted through the smoke stack together with the combustion gases? 

6. Why does a locomotive puff? 























Carefully examine each of the different types of bird bills shown above. Each 
is especially adapted for a particular type of feeding. For each of the descriptive 
statements below, select the type of bill which is best adapted for the purpose and 
give your reasons for selecting this type of bill. 

. This bird eats hard seeds. 

. This bird extracts seeds from ¢ones of evergreens. 

. This bird feeds on fish and frogs. 

. This bird eats the flesh of animals. 

. This bird drills into wood for insects. 
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This diagram shows a working model 
of a hot-water heating system. Examine 
the diagram to determine the principle 
of operation and then answer the ques- 
tions below. 

1. What is the purpose of the expan- 
sion tank? 

2. Why must the air valve in the 
radiator be opened when the system is 
being filled? 

3. Why does the pipe carrying the 
hot water from the boiler start from the 
top of the boiler? 

4. Why does the return water from 
the radiator enter the boiler at the bot- 
tom? 

5. What are the advantages of the 
hot-water heating system, when com- 
pared to the steam-heating system? 


WATER JACKET 





The cooling system of an automobile 
is shown in the diagram above. Study 
it carefully and then answer the ques- 
tions below. 

1. Why is the radiator made of cop- 
per tubing and built like a honeycomb? 
2. What is the purpose of the fan? 

3. What would happen if the fanbelt 
were to break? 

4. What is the purpose of the water 
pump? 

5. Why is the heated water returned 
to the top of the radiator, rather than 
to the bottom? 
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Dr. Harry F. Harlow 
Exploring Behavior 









Baby rhesus monkeys and terry cloth 
“mothers” are laboratory equipment used by 
Dr. Harlow to explore monkey’s love for its mother 





“IT’S Love that makes the world go 

round,” wrote W. S. Gilbert—the 
writing half of Gilbert and Sullivan. 
But since the days of ancient Greece, 
poets and philosophers have tried vain- 
ly to understand its elusive nature. 
Today scientists are searching for this 
understanding with the help of a group 
of hungry-eyed baby monkeys and a 
fantastic monkey scarecrow. 

At the Primate Laboratory of the 
University of Wisconsin at Madison, 
Dr. Harry F, Harlow and his associates 
are conducting experiments designed 
to explore the behavior of an infant 
toward its mother. 

Dr. Harlow is a psychologist who has 
spent many years studying animal de- 
velopment and behavior. Born in Fair- 
field, Iowa, on Halloween in 1905, he 
began his scientific studies at Stanford 
University in California. In 1930, after 
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Photos by Sponholz, Courtesy of Conquest program, CBS News 


Wire, terry cloth, and a wooden head spell “mother” to experimental monkey in Dr. 
Harlow’s lab. Frightened in strange place by strange objects, monkey clings to 
soft cuddly ‘‘mother” for comfort, feels safe, then studies the objects calmly. 








































receiving his Ph.D., he was appointed 
to the faculty of the University of Wis- 
consin. 

As director of the Primate Labora- 
tory, Dr. Harlow’s chief interest has 
been the infant development and learn- 
ing of monkeys and other primates. 
Much of the knowledge man_has 
gathered about himself he has learned 
studying other species of animal life. 
For psychological investigation of in- 
fant behavior, the rhesus monkey has 
proved to be very useful. Prior studies 
suggest that infant rhesus monkeys and 
human infants follow the same patterns 
in early development. At birth, the 
brain of the rhesus monkey seems to be 
as mature as that of a five-months-old 
child. It can also walk and use its 
hands, making its early reactions eas) 
to observe and measure. 
(Continued on page 43) 










With eyes flashing, making fearful nois- 
es, mechanical bear frightens  infan! 
rhesus monkey. Comforted by contac! 
with terry cloth “mother,” monkey 
feels safe. Fear diminishes. Infant 
monkey never seeks wire “mother,” 
even if fed from bottle held by her. 
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Project: Crystallography 


Student: James Birk 

St. Boniface High School 

Cold Spring, Minnesota 

Science Achievement Awards Winner 


Teacher: Sister Bernice 


HEN you were reading Eliot To- 

zers article “Secrets of the Big 
Ice,” did you wonder how scientists 
learn aboutsthe internal structure of ice 
and zinc crystals—how they measure the 
rate of crystal growth? The scientific 
study of crystals—crystallography, it is 
called—is a neat example of scien- 
tific investigation. In looking back— 
from our present knowledge of crystals 
to the beginnings of man’s interest in 
them—we can get a good image of how 
the study of crystals reflects scientific 
progress. 

Quite possibly the first crystals to at- 
tract man’s attention were large and 
beautifully colored gem stones, whose 
beauty depends not only on color but 
on the reflection and refraction of light 
from their many-angled surfaces. With- 
out understanding the source of their 
beauty, man, from the beginning of 
civilization, has adorned himself, his 
wife, and his precious possessions with 
gems. And in learning to tell one gem 
from another—good ones from poor ones, 
and how to cut them to desired shapes— 
a body of knowledge was accumulated, 
the beginning of a science. 

Later, when wonder about the his- 
tory of our planet led men to look 
closely at rocks and minerals, they no- 
ticed that most had a typical crystalline 
structure. Observation led to speculation 
—speculation led to hypotheses. Hypo- 
theses required controlled tests for veri- 
fication or rejection. 

Scientists thought, “If we can grow 
crystals under carefully controlled con- 
ditions in the laboratory, we may learn 
something of the processes of nature.” 

When you see an unexplained event 
or process, and you begin to think of 
some method of duplicating the process 
under controlled conditions so that you 
can learn more about it, you are think- 
ing scientifically. 

James Birk wondered about crystals 
and planned his project to learn more 
about conditions under which they grow. 
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JAMES BIRK’S PROJECT 

Crystals are solids in which the atoms 
or molecules are arranged in definite 
and repeated patterns, so that their faces 
intersect at angles characteristic for 
each crystalline substance. I chose the 
study of crystals because they are so 
widespread and important in our daily 
life. The sugar and salt we use are 
crystals. All metals are crystalline, and 
by studying crystal bonds we can find 
ways to make metals stronger. 

I knew very little about crystals and 
could find only a few basic facts in the 
texts available to me at the time. Because 
of this, I had to learn from experience 
and experimentation. The first problem I 
ran up against was growing the crystals. 

Problem of Growing 

I decided to work on a small scale at 
first and grow some seed crystals—small 
crystals that could be used as patterns 
for larger ones. Using distilled water to 
eliminate as many impurities as possi- 
ble, I took a number of salts and dis- 
solved as much of each as I could in 
about 40 ml. 

I heated the solutions every night 
and added the salt until I had achieved 
saturation. When the water evaporated, 
small crystals were formed. In order to 
know what kind of crystals to expect, I 
had previously put a sample of each 
saturated solution on a microscope slide 
and examined the crystals as they 
formed. When the seed crystals reached 
a size of about 4 or 5 mm. to a face, I 
selected the more perfect ones and set 
them aside for future use. 

The next step was to grow large 
crystals from supersaturated solutions. 
I chose to grow crystals from super- 
saturated solutions for several reasons. 
By using supersaturated solutions rather 
than evaporation, I would not have to 
mix solutions so often. This would make 
the solutions much the same every time 
and give me better controls over my 
experiments. 











American Museum of Natural History 
Crystals of sulphur found in nature. 


American Museum of Natural History 
Metallic crystals of native silver. 
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tomorrow’s scientists 


I had read that best results could be 
obtained if the solutions were kept from 
cooling at night and warming up in the 
daytime. At first I had some trouble 
working out a way of doing this. Finally, 
I placed the beakers of solution in a 
tank of water with a thermostatically 
controlled aquarium heater. I kept the 
water at a constant temperature of 70° F. 
Controlling the temperature prevented 
abnormal rates of dissolving during the 
day and crystallization at night. I also 
made caps for the beakers to prevent 
evaporation and keep out falling dirt 
and dust. 


10 Salts—44 Solutions 


I tried to fasten the seed crystals to 
string in a number of different ways, so 
I could hang them in the solutions. 
Different glues and tapes, paraffin, wax, 
collodion and even chewing gum were 
tried. None of these held onto the 
smooth surfaces of the seed crystals. 
Then I tried tying the string around the 
crystal. This worked quite well. Working 
my way up out of this problem taught 
me a simple but important lesson: the 
best procedure is the simplest and most 
uncomplicated procedure that works. 

The crystals grew through ion ex- 
change. If the solution was supersatu- 
rated, the rate of ion deposit on the 
crystal would be greater than the rate 


at which ions passed back into solution. 
The crystal then would grow. However, 
at times crystallization on the bottom 
of the beaker would be more rapid than 
on the crystal hanging in the solution. 
When this happened, I took the growing 
crystal out and heated the solution to 
130° F. for five minutes. Some of the 
crystals on the bottom would dissolve 
and the solution would once again be 
supersaturated. By keeping records, I 
soon found out how often this was 
necessary; once every two to four days, 
depending on the strength of solution 
and rate of crystal growth. 


Rates of Growth 

During this series of experiments on 
crystal growth, I have experimented 
with ten different salts in 44 different 
solutions. The crystals grown vary in 
weight from 0.3g. to 38.1g. When the 
total weight is divided by the days of 
growth it is possible to get a rate of 
growth. This varied from 0.017g./day 
for sodium chloride to as much as 
1.86g./day for magnesium sulfate. How- 
ever, all the samples of one kind of salt 
did not produce crystals at the same 
rate. The fastest growing crystal of mag- 
nesium sulfate crystal grew more than 
12 times as fast as the slowest one. 

In observing the growth of sodium 


potassium tartrate, Rochelle salt cry- 





G. E. photo 


In a setup somewhat more elaborate than Jim Birk’s, General Electric 
scientists grow extremely pure crystals by the process of “zone refining.” 
Superpure crystal (inset) will be used for study of silicon properties. 








American Museum of Natural History 


Copper crystallized by nature. 


tals, I found that at times the bond be- 
tween layers didn’t hold. Some of the 
lavers broke off, leaving a rough surface 
instead of the usual smooth surface. My 
theory is this: they grew so fast that the 
bond between layers was weak. After 
three crystals were ruined because of 
this, they began to grow normally. It 
may be that the solution became less 
saturated due to the loss of salt to the 
first three. Thus the 
slowed down, 


rate of growth 


making stronger bonds 
between the layers. I will have to repeat 
this experiment several times before | 
can be sure of this explanation. 

I then Rochelle salt crystals 
hanging in various positions. Althougl 
the size of the faces differed quite a bit 
the angles were the same for all. 


grew 


Crystals Repair Themselves 


Some crystals have an amazing ability 
to repair themselves. On December 31 
1958, | 


growing on the side of a large Rochell 


discovered a second crystal 
salt crystal in solution. I removed the 
second crystal, leaving a hole in on 
third of the side. By next morning there 
was no visible trace of the hole! 

At present I am working on magne- 
sium sulfate in an attempt to find out 
whether crystals growing side by side 
influence each other. I tie two or mor 
seed crystals together and suspend them 
in solution. 

I am doing this to check a hypothesis 
that some of the variation I have found 
in the angles of magnesium sulfate crys- 


SCIENCE WORLD 





v 


al History 


nicl be- 
of the 
surface 
ce. My 
hat the 
After 
use of 
uly. It 
ne less 
to the 
srowth 
bonds 
repeal 
efore | 


crystals 
though 
e a bit, 


es 


ability 
ber 31, 
crvstal 
ochell 
ed the 
in one 
o there 
j 

magne- 
ind out 
Dy side 
yr more 
id them 


yothesis 
> found 


te crys- 


(ORLD 





tals is due to the influence of other 
crystals growing at the same time. 

In connection with my project I have 
constructed an ionic model] of sodium 
chloride showing how the ions bring 
about the shape of the crystal. The 
model can also be used to demonstrate 
crystallization and dissolving. At pres- 
ent, I am growing two or three samples 
of as many crystals as possible in order 
to make a standard of comparison fot 
identifving unknown salts. 





UPI photo 
Metals are crystalline. This 99.99% 
pure bar of chromium is expected 
to play a role in space age alloys. 


ee 


Crystals can repair themselves. 
Hole left by removing small 
crystals was repaired overnight. 
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PROJECTS AND EXPERIMENTS 


Project: A Secondary Time Source 


Student: William McGinnis 
Robbinsdale Senior High School 
Robbinsdale, Minnesota 

Student Achievement Awards Winner 


Teacher: Ethelyn C. Tellers 


ERTAIN crystals, such as Rochelle 

salt and quartz, have the property 
of generating an electromotive force 
when compressed. This is known as the 
piezoelectric effect. The interesting 
thing about the piezoelectric effect is 
that it is reversible. A mechanical strain 
applied to the opposite faces of a quartz 
crystal will generate a voltage. Con- 
versely, if a voltage is applied to the 
two parallel faces of the crystal, a me- 
chanical strain occurs in the crystal, pro- 
ducing an electrostatic field, which in 
turn produces a strain. This process 
goes on. 

Each alternation between mechanical 
strain and electrostatic field is called a 
cycle. The number of times the cycle 
occurs each second is called the fre- 
quency of the crystal. The frequency of 
a good crystal is remarkably constant, 
and a crystal may be cut so that its fre- 
quency may be thousands and even 
millions of cycles per second. When 
used in this way, a crystal together with 
its associated circuit is called a crystal 
oscillator. 


WILLIAM McGINNIS’ PROJECT 


My interest in physics and astronomy 
led to the desire to make independent 
measurements of the variations in the 
length of time from noon to noon at my 
location. An ordinary synchronous clock 
using electricity from the power line 


would not be accurate enough for this 
purpose. The power company cannot 
keep its line current exactly on 60 cycles, 
due to changing load conditions (the 
demand for power by users varies dur- 
ing the day). Since the oscillations of a 
quartz crystal are very accurate and con- 
stant, I thought that a crystal could be 
used to provide an accurate frequency 
to run an electric clock. 

The circuit is simple and consists of 
a 120,000-cycle oscillator coupled to a 
series of electronic components called 
nultivibrators, which reduce the fre- 
quency to 60 cycles, The 60-cycle fre- 
quency is fed into an amplifier which 
runs the clock. 


Adjusting the Frequency 
I had read avout a similar device in 
which the experimenter told of having 
great difficulty in getting the multivi- 
brator stages to operate in a stable man- 
ner. I felt that was due to having the 
multivibrator stages divide by 20 from 
120,000 cycles to 60 cycles. After some 
experimentation, I devised a circuit so 
that the division from 120,000 cycles to 
30,000 cycles is done in two steps, and 
then on to 6,000 cycles. Since the initial 
adjustments, the multivibrator stages 

have operated with great stability. 
Another problem involved the crystal 
oscillator. When the multivibrator stages 
were operating correctly, the crystal ad- 
justment was begun. The clock gained 





The key to an accurate time source is an oscillator of known frequency. Oscil- 
lator, multivibrator and amplifier are housed in chassis and hooked to white clock. 
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33 seconds in about 12 hours. When I 
found that much adjustment to the cir- 
cuits would not correct this, I decided 
to measure the crystal’s frequency. The 
120,000-cycle crystal, which had been 
guaranteed within six cycles, was 90 
cycles off. After a new crystal was re- 
ceived, it took a few weeks to adjust it 
to the proper frequency. 

The United States Bureau of Stand- 
ards maintains the primary time stand- 
ard and broadcasts time signals. My 
clock was adjusted to these signals and 
has -emained accurate for several days. 


No Perceptible Variation 

According to my records, variations 
in a clock running directly from the 
power line have been as great as five 
seconds in three hours. My clock runs 
with no perceptible variation. Over a 
long term my clock would be even more 
accurate with a crystal oven to maintain 
the crystal at a constant temperature. 

With this degree of success in estab- 
lishing my secondary time standard, I 
am now ready to go on with my study 
of the variations in the length of the 
solar day. 


Seconds 


-2.5 


e Local power company. 
3.0 —eeo— 


-3.5 
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Days 1 2 3 


Crystal controlled clock. jp ¢~>¢— 
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While a clock on city power varied as much as 7 seconds in 24 hours, 
Bill’s crystal-controlled time source varied only 0.5 seconds in 7 days. 
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Project Idea 
From This Issue 


It isn’t hard to collect slime molds so 
that you can have some available for 
experimental work. Slime molds are 
widely distributed and easy to “capture 
and tame.” Many species may be taken 
throughout the year, but they seem to 
be most abundant in autumn. However, 
a few days after a spring rain, a little 
searching under the bark of dead and 
fallen trees, on rotten wood, and under 
rotting boards should reveal the flat 
yellow or white plasmodia of slime 
molds. Stemonitis may be found on 
numerous species of decayed wood. 
Lycogala is particularly common on 
dead beech and pine logs. You can find 
pictures of these representative types in 
most standard botany texts. 

Collecting: Cut out pieces of wood 
bearing the specimens and glue them to 
the bottoms of penny match boxes. This 
will permit you to transport the fragile 
specimens without breaking. Plasmodia 
can be stored in this way if dried, but 


they will usually produce sporangia 
overnight. 

Culturing: Take some of the pieces 
of wood bearing plasmodia and _ place 
them in a deep jar (a large pickle jar 
or syrup jar from the nearest fountain or 
drive-in will do nicely) in contact with 
several pieces of damp paper toweling. 
If the plasmodia are fed with finely 
ground instant oatmeal (grind it in a 
clean mortar), they will thrive and 
spread to the toweling. Keep the culture 
moist, in the dark, and well fed. Do not 
overfeed! 

After the culture has spread to the 
toweling, pieces of it may be removed, 
air dried, and stored in envelopes for a 
year or more. You can start new cultures 
by providing a moist environment and 
feeding as the plasmodia grow. 

Research: Generally, fruiting will not 
take place on the paper medium. Can 
you induce your paper-grown slime 
molds to fruit by controlling their en- 
vironment? 


College Help for Clubs 


Has it occurred to you that a college 
might help you to get the feel of be- 
coming a scientist—while you are still in 
high school? 

Many regional and area science fairs 
are sponsored by universities and col- 


leges. In these cases, the campus often 
serves as a center of ideas, information, 
and advice. 

If there is a university within reach 
of your school, your science club may 
find sources of various kinds of help 
there, whether or not the university has 
any connection with your science fair. 

Professors usually are glad to discuss 
specific problems, to refer a puzzled 
projecteer to the most useful books and 
scientific papers in the university library, 
to explain the “hard spots” that are frus- 
trating further progress on an experi- 
ment, to serve as project counselors, 
career advisors, or general speakers for 
science club meetings, and to serve as 
judges at your science fair. 

In some areas the science club is in- 
vited, or can arrange to be invited, to a 
high school project workshop or series 
of workshops on the campus. These 
often are all-day affairs and may include 
demonstrations, exhibits, advice, and 
even distribution of certain basic mate- 
rials by the physics, chemistry, biology, 
and mathematics departments. 

Saturday morning seminars for out- 
standing high school students have been 
tried experimentally and have proved to 
be highly popular and productive. Such: 
seminars offer advanced work in mathe 
matics and the sciences, meeting on a 
regular basis during the school year. 
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Occasionally a university can allow 
an advanced high school student the 
unusual privilege of carrying out some 
of his experimental work in a college 
laboratory or can arrange to lend him 
an essential piece of equipment. Gradu- 
ate students working as research assist- 
ants have been known to act as advisor- 
critics to high school students who are 
seriously interested in their special fields. 

It is sometimes possible for individual 
students or an entire science club to 
attend a lecture given at the university 
by a distinguished scientist. 

The dean of admissions probably 
would be glad to speak to your school 
or to your science club on preparing to 
enter college, choosing your high school 
curriculum to fit future college plans, 
scholarship opportunities, and similar 
important topics. 

It is possible, also, that a few top 
level science students might be given 
part-time or summer jobs as laboratory 
assistants on the campus. This has been 
done with fine results by several univer- 
sities. 

If your club has not had previous 
contact with the university, it would be 
wise to establish your first one through 
the principal of your school or through 
your club sponsor or science faculty 
members. When suggesting that special 
privileges and opportunities be made 
available to your members, you would 
be careful, of course, to screen such re- 
quests through your club sponsor and 
to ask them only for intensely interested 
and competent students whose response 
would be sincerely appreciative and 
mature. 

Obviously the science club cannot be 
encouraged to. arrive en masse on the 
campus. It would be best for you to 
make all] requests through your club 
sponsor, and perhaps to enlist the co- 
operation of some of the alumni of your 
schoo] now enrolled at the university. 





Answers to Crossword Puzzle 
(See page 46) 
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Exploring Behavior 


(Continued from page 38) 

Dr. Harlow’s interest in affection de- 
veloped through earlier studies he had 
conducted with infant monkeys. He 
had separated a group of newborn 
monkeys from their mothers, to see 
whether they could be kept alive in the 
laboratory through proper feeding tech- 
niques. He found that these infants 
thrived. In fact, they were far healthier 
than control monkeys that had been 
ted by their mothers. 

During the course of the experiment, 
however, he noticed that the infants 
were happy only when they had some- 
thing soft and pliable to hold, such as 
the soft diaper that was placed on the 
Hoor of their cages. When these were 
removed the monkeys became unhappy 
and disturbed. 


Need to Cling and Cuddle 


“This simple, basic reaction,” Dr. 
Harlow explained, “made us believe that 
we could define and measure what had 
previously been  undefinable and 
unmeasurable—a_ baby’s love for _ its 
mother.” Many psychologists believe 
that an infant’s love for its mother is 
derived from the fact that its mother 
nurses it. 

“But is it possible,” Dr. Harlow sug- 
gested, “that this love is formed from 
a need to cling and cuddle?” 

Defining the undefinable is not a 
simple task, even for a scientist. True, 
Harry Harlow had found the perfect 
experimental subject in the monkey. 
But how was he to create the perfect 
experimental mother, one which was 
inanimate, over which he would have 
complete laboratory control, but. still 
one which the baby would love? 

Using the ingenuity of the artist as 
well as the scientist, Dr. Harlow and 
his group constructed two unusual sub- 
stitute mothers. One was a wire cylin- 
drical form topped by a wooden head 
with a crude face, built exactly to 
rhesus monkey mother size. The other 
was designed the same way, except 
that the wire cylinder was covered with 
soft terry cloth. 

“These are very remarkable mothers,” 
Dr. Harlow said. “They have absolute 
patience. They are available twenty- 
four hours a day. They never scold or 
strike their babies in anger.” 

Armed with this ingenious experi- 
mental device, Dr. Harlow could test 
his theory that love was derived from 
close body contact with the mother— 
“contact comfort,” as he called it. He 
placed eight newborn monkeys in in- 
dividual cages. Each had equal access 
to a cloth and a wire mother of its 
own. Four of the monkeys were nursed 
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by a bottle set into the body of the 
wire mother, and four by a bottle in 
the cloth mother. Both mothers were 
available at all times. 

Dr. Harlow had believed that contact 
comfort would be a factor of great 
importance. He was amazed to find - 
how really important it was. Each group 
of infants spent the greater part of the 
day clinging and climbing on the cloth 
mother. Those that had been nursed 
on the cloth mother almost totally ig- 
nored the wire mother. Those nursed 
on the wire mother spent only the time 
necessary for feeding there. Once fed, 
they immediately ran to the soft terry 
cloth mother. 

Actual test results showed that the 
infants reared on the wire mother spent 
less than one hour a day in her com- 
pany, and from 17 to 18 hours a day 
with the cloth mother. This dramatic 
evidence seemed to contradict the 
theory that love is formed through 
nursing alone. 

But is this really love? Or is it merely 
the tendency of an infant monkey to 
cling to something soft. Tests under 
emotional stress have given a partial 
answer. 

“If a frightened baby went running 
to its mother, was comforted, and then 
all the fear disappeared and was re- 
placed by a complete sense of security, 
would that not mean that the baby 
loved its mother?” Dr. Harlow asked. 


Love and Security 


To frighten the monkeys thoroughly, 
his group devised a series of diaboli- 
cally fearful figures with clanking 
mechanical parts and flashing eyes. 
When these fiendish noisemakers were 
placed in the infant’s cage it would 
invariably run, terror stricken, to its 
cloth mother. Once it had been com- 
torted through contact with the mother, 
the monkey was able to look at this 
object—which had struck 
terror in its heart—without the slightest 
fear. Sometimes it would even gain the 
courage to leave the mother and ex- 
plore'the figure. 

“But one type of test doesn’t make a 
theory,” said Dr. Harlow. He explored 
his ideas further in a different experi- 
mental area, which he calls the Open 
Field Test Room. Specially designed 
for these studies by Dr. Robert Zim- 
merman, one of Dr. Harlow’s associates, 
this room was much larger than the 
cages to which the monkeys were ac- 
customed, It contained a number of 
objects unfamiliar to them, such as a 
doorknob, a small artificial tree, wooden 
blocks, and a crumpled piece of paper. 

If the infant was placed in this room 
without any mother, it ran to a corner, 

(Continued on page 45) 
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Find the Error 

A coffee company made a survey of 
the number of people who drink tea 
and coffee. An investigator handed in 
the following report to the president 
of the company: 


Number of people interviewed. . . . 100 
Number who drink coffee........ 78 
Number who drink tea.......... ral 
Number who drink 

both tea and coffee........... 48 
Number who drink 

neither tea nor coffee......... 0 


When the president read the report, 
he noticed a mistake and fired the inter- 
viewer, What was the error? 

Don Olen 
Brooklyn (N. Y.) Technical H. S. 
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Around the Pole 

A well-known brainteaser asks where 
on earth a person can walk one mile 
south, one mile west, one mile north, 
and end up at the point of departure. 
The usual answer is, of course, the 
North Pole. However, there are other 
places on earth for which this is true. 
Where are these points and how many 
of them are there? 

James Post 


Cut the Circle 
Into how many different pieces can 
a circle be cut by drawing only four 
straight lines across the circle? 
Bob Yarbrough 
Swainsboro (Ga.) H. S. 


csaoaId JO Jaquinu jsa}vois 
a} ST SIU} JayYA\ [Ja} NOA UND ‘Mo[aq 
ainsy ay} UL UMOYS se sadaId Uadajo 
OWL YN 9q Uwd |pPIID sy ‘wamsuy 








Candle in Space 

Suppose there are two 
candles, one in outer space and one on 
the Earth, and each candle is enclosed 
in an airtight glass tube. Both tubes 
are the same size. If the candles are 
lit, which one will be extinguished 


identical 
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BRAIN TEASERS 


first, the one in space or the one on 
Earth? 
Robert Klinge 
Macombs Jr. H. S. 
Bronx, New York 
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Judges’ Handshakes 
There are nine Supreme Court Jus- 
tices. If each were to shake hands with 
all the others, how many handshakes 
would take place? 
William Linsman 
Beverly Hills (Calif.) H. § 
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Send in Your Favorite Brain Teaser 

You surely have a favorite brain teaser 
that you would like to share with other 
readers. Send the brain teaser, together 
with the solution, to Science World, 33 
West 42nd Street, New York 36, N. Y. 
We will pay $5 for every brain teaser 
published. Include the name of you! 
school, in addition to your home ad- 
dress, and state your age. 
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Exploring Behavior 
(Continued on page 43) 


threw itself on the floor, or sat rocking 
back and forth clutching its body, cry- 
ing and screaming. Given only the wire 
mother in the room, the baby monkeys 
were not in the least reassured by her 
presence. In fact, their distress became 
greater. When the cloth mother was 
there, however, the infant ran to her 
and clung tightly until its fear vanished. 
After a time, completely comforted and 
soothed, it was able to leave the mother 
and explore its surroundings. 

“The monkey was now a_ normal, 
curious, happy baby,” explained Dr. 
Harlow. 

Dr. Harlow carried out studies with 
the same monkeys at a later age. He 
discovered that even though a monkey 
had been separated from its cloth 
mother for more than six months it still 
clung to her. 

Monkeys deprived from birth of any 
mother—cloth, wire or real—grew up 
severely disturbed and unhappy. At 
the age of eight months, when given a 
cloth mother, they were unable to show 
any real love for her. From these ex- 
periments, Dr. Harlow concluded that 
there is a critical period of infant de- 
velopment during which affection is 
formed. In monkeys this is between the 
first 30 to 90 days. In humans this 
takes place during the first year—after 
the first three months. If the infant has 
not learned to love by then it may 
never learn to love. 

“There can be no question that love 
is crucial to the development of se- 
curity,” Dr. *Harlow concludes. “Se- 
curity does more than make the infant 
confident. It emboldens him. It is as 
if he knew that the mother will protect 
him.” 

A past president of the American 
Psychological Association, Dr. Harry 
Harlow rarely has leisure time and is 
a man of few hobbies. The little leisure 
he has is spent playing tennis or bridge. 
He has four children, from six to twenty. 

“One of the things that is most 
fascinating about research,” Dr. Harlow 
explains, “is that there are no frontiers, 
no field of human endeavor that can 
not be attacked systematically and ex- 
perimentally—even one as elusive as 
love. There are countless areas. still 
unexplored, which remain to be studied 
by tomorrow’s scientists.” 

Today, when science probes the vast 
reaches of outer space, it is reassuring 
to know that scientists are also groping 
hopefully for an understanding of what 
may be the greatest riddle of all—the 
behavior of man. 

—FRrANcEs GuDEMANN 
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Begorra! It really 
is Roger Ackroyd! 


Why can’t he play outside 
with the other kids? 





| can’t seem to relax. 
Next time I’m taking 
the bus. 


From ‘‘Conquest of Space’ 


Are you sure you don’t feel a draft in here? 


From ‘‘Lost Planet’ 


From ‘‘The Dam Busters” 
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YOUR HELP CAN COME BACK 
A HUNDRED TIMES OVER 


If enough of us help, the S. S. Hope will be out- 
bound in 1960. A bold health project called Hope 
will be underway. 

The need for Hope is crucial. In many nations, 
too many health hazards exist. And too few 
hands can help. Often, one doctor for 100,000. 

Hope’s approach is practical. Help a nation’s 
doctors help themselves to health. By training, 
upgrade skills—multiply hands. Hope’s doctors, 
dentists, nurses and technicians will man a center 
complete to 300-bed mobile unit, portable TV. 

Help and you earn a priceless dividend. With 
health comes self respect. People at peace with 
themselves are less likely to war with others. 

Hope is yours to give, a people-to-people 
project. For a year’s worth, 344 million Ameri- 
cans must give a dollar. 


Don’t wait to be asked. 
Mail a dollar or more to HOPE, 
Box 9808, Washington 15, D. C. 


GIVE TO 


= 


HELP LAUNCH HOPE 
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to guide you to a 
successful future in 
ELECTRICAL or 
MECHANICAL ENGINEERING 


This interesting pictorial book- 
let tells you how you can pre- 
pare for a dynamic career as an 
engineer or engineering techni- 
cian in the Age of Space. Look 
ahead to your future. Write for 
MSOE’s career booklet today. 


MILWAUKEE 

SCHOOL OF ENGINEERING 

Milwaukee, Wisconsin 

Dept. SW-260, 1025 N. Milwaukee St. 

Please send free Career Booklet. I’m 

interested in [] Mechanical Engineering 
O Electrical Engineering. 





Name... iis ev 
PLEASE PRINT 
Address. ee ucksiaieesiaangieiiailibaia 
City. ps ciccasctbiaeacac 
High School... 
Will Graduate (year)... aaa 
MS-149 
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Exploring the Elements 


By Mark Lewis Berch, Paul Junior High School, Washington, D. C. 


* Starred words refer to chemistry 


Students are invited to 
submit original crossword 
puzzles for publication 
in Science World. 
Each puzzle should be 
built around one topic 
in science, such as as- 
tronomy, botany, geolo- 


gy, space, electronics, 
famous scientists, etc. 
Maximum about 50 


words, of which at least 
10 must be related to 
the theme. For each puz- 
tle published we will 
pay $10. Entries must in- 
clude symmetrical puzzle 
design, definitions, an- 
swers on separate sheets, 
design with answers 
filled in, and statement 
by student that the puz- 
zle is original and his 
own work. Keep a copy 
as puzzle cannot be re- 
turned. Give name, ad- 
dress, school, and grade. 
Address Puzzle Editor, 
Science World, 33 West 
42nd Street, New York 
36, New York. Answers 
to this puzzle are on 
page 43. 


* 1. Metallic element, atomic No. 76. 

* 5. This element is used in dimes. 

. Colorless, odorless, inert gas (symbol). 
1l. Either, _______; neither, nor. 


*13. Abundant metal, No. 22 (symbol). 

*14, Highly reactive, silvery metal 
(symbol). 

*15. Rare earth element, No. 70 (symbol). 


16. Two thousand pounds. 

18. Anno Domini (abbr. ). 

19. This can be chewed over and over 

again. 

20. Its capital is Montgomery (abbr.). 
21. Science (abbr.). 

22. Electromagnetic (abbr.). 
*23. Symbol for 5 Across. 
*25. Lightest metal element (symbol). 
oT. “Et , Brutus?” Caesar said. 
28. Passenger railway car. 

30. Money paid to a landlord. 

32. Stiff or unyielding. 
. Radioactive, gaseous element, atomic 
weight 222. 
35. Negative adverb. 
37. Loud, confused noise. 
39. An exclamation. 
41. Permit. 
43. Agricultural Engineer (abbr.). 
. At 1,000° F: metal is ___ hot. 
. Non-metallic element obtained in 
either amorphous or crystalline form. 
46. Bundle (abbr.). 
*47. Element of atomic No. 83 (symbol). 
49. Gross (abbr.). 

51. Roman number two. 
52. Outside dimension (abbr.). 
. Forms poisonous compounds (symbol). 
55. A noble element (symbol). 
°56. Rare earth element, No. 63 (symbol). 
57. Metal allied to iron and cobalt. 
. Element of atomic No. 49. 
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42. 
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48. 
50. 
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. A gas which forms 21% of the atmos- 
phere. 

Fatty secretion of sebaceous glands. 
H+ = hydrogen — 
. Alternate abbr. of uranium. 


}. Third person pronoun. 


. Part of the mouth. 

. Make into a law. 

. Element discovered by P. and Mme. 
Curie. 


12. Yellow, precious element. 


. Element of atomic No. 73, resembles 
platinum (symbol). 


. Same as 14 Across. 


3. Inert gas used in tungsten bulbs. 


. Manner of walking. 

. Element whose symbol is Pb. 

. Nehru is Prime Minister of this coun- 
try. 

. Metallic coating on cans. 

. Element, atomic No. 101 (symbol). 

. Railroad (abbr.). 

. 2,000 pounds. 


. Most widely compounded element. 


3. Earth (Latin). 


. Lightest inert gas. 

. Title and main character of novel by 
Johanna Spyri. 

Ship’s diary. 

Also. 

Good-bye (French). 

Type of tree. 

Soft, wet earth. 

Gray, crystalline, non-metallic ele- 
ment of sulfur group (symbol). 

. Anonymous (abbr.). 
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Mightiest Magnet 


(Continued from page 16) 


To obtain accurate readings, the 
plane must fly at extremely low alti- 
tudes—sometimes only 500 feet above 
the ground. The plane must fly in per- 
fectly straight lines over the area being 
studied. A deviation of an eighth of a 
mile or less might destroy a flight’s use- 
fulness. 

The pilot follows his course like a 
farmer plowing straight furrows. He 
flies along a straight line, perhaps for 
25 miles, 
over a quarter mile, then flies back 25 
miles parallel to the first line. In this 
way, large areas can be prospected in 
a few weeks, where ground prospectors 


might take months or years. For ex- 


ample, the U. S. 
made a mile-by-mile 


Geological Survey 
analysis ot the 


entire state of Indiana from the air, and | 


Aero Service Corp., a private company, 
has studied the entire area ot Surinam, 
the Dutch possession in South America. 

But geopnysicisis are no louger con- 
tent to study the magnetic field on the 
Earth’s surtace. Today they are measur- 
ing the Earth’s magnetism in space, 
with magnetometers carried alort in 
rockets and sateliites. These measure- 
ments are important because they are 
helping to determine the shape of the 


lethal radiation belt which surrounds | 


the Earth—the Van Allen belt. 


Van Allen Radiation Belts 


The Van Allen velt was discovered 
in 1958 by Dr. James A, Van Allen, a 
physicist of the State University of 
lowa. For years he had been studying 
cosmic rays in the upper atmosphere 
by shooting up Geiger counters in the 
nose of “rockoons’—rockets carried aloft 
by balloons betore being fired. 

The data which the rockoons radived 
back to Earth revealed some puzzling 
results. At high altitudes, near the 
Equator, the counting rate seemed to 
drop to very low 
puzzling, since the cosmic rays should 
have increased in intensity at higher 
altitudes. More Geiger counters sent 
up in the Explorer I and III satellites 
merely confirmed this. At 500 to 600 
miles above the Equator, the radiation 
count would drop nearly to zero. 

One day as Van Allen and his staft 
were pondering these results, the an- 


swer to a problem was casually sug- | 


gested by one of his fellow scieitists. 
He ance them of something they 
all knew but had forgotten: A  suffi- 
ciently high level of radiation could 
jam the counter, so that the counting 
rate would register as zero. Van Allen’s 
Geiger counters had discovered a tre- 
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mendously high level of radiation, not the sun. The sun’s energy, radiation, 
a lack of it. It seemed that “space” was and particles exercise a great influence 
radioactive. on the Earth and on the atmosphere 
Eventually it was found that this which envelops it. On the other hand, 
intense radioactivity was caused by the Earth’s atmosphere and magnetic 
high speed particles trapped by the field have strong effects on the emis- 
Earth’s magnetic field in a belt that was sions from the sun which collide with 
thickest around the Equator. The par- our planet. 
ticles travel in corkscrew motion at high If cosmic rays, geomagnetism, au 
speed between the poles, along the _ roras, the ionosphere, and the sun were 
magnetic lines of force. examined separately they would remain 
Such discoveries as the Van Allen a puzzle forever. But studied together, 
belt and magnetic storms are really they provide new insights into the 
studies of the Earth’s relationships to structure of our complex planet. 


FOR DRAMATIC ADVENTURES 
IN SCIENCE . WATCH 


ONQUEST 


ON CBS/TV EVERY SUNDAY 


CONQUEST documents exciting progress and discovery in all fields of 
science .. . narrated by Charles Collingwood, famous CBS commentator. 











| FEB. 7— WAVES OF THE FUTURE 
The exciting possibilities of new uses 
of radar and radio waves in the future. 


FEB. 14—THE BLACK CHAIN 
New research into the chemical control 
of bacteria, particularly streptococci. 





FEB. 21— MAN AGAINST GRAVITY 
How much acceleration and deceleration 
can man stand? Space conditions 
duplicated in the laboratory. 


iit tein ls AB 
FEB. 28—THE THINKING MACHINE—Dramatic studies on how man thinks 


the conditions which control the thinking process. 












| AND MORE TO COME —Presented in cooperation with the 
| American Association for the Advancement of Science. 
| (Programing may necessitate some changes in the above 
| 
| 


Monsanto 


schedule. Check local television listings for time, station 
and program.) 


| Sponsored every other week by 
| MONSANTO CHEMICAL CO. e ST. LOUIS 66, MO. 











/magine Vaking a"Ride’ in this SPACE CAPSULE 


a CL 


...@s your introduction to the exciting new SCIENCE PROGRAM 


MEN SEEM SMALL AS 
ANTS at the base of to- 
day’s giant rockets — yet 
tomorrow's must be even 
bigger. It takes 150 
pounds of fuel to put one 
pound of payload into 
space. 


YOUR SPACE SUIT will provide 
temporary protection during an 
emergency in aos If it 
‘‘senses’’ loss of cabin pressure, 
an automatic valve shoots oxygen 
into suit. 


YOU RIDE THIS ROCKET SLED at 632 miles 
per hour, then brake to a dead stop in 
seconds, in a test of man’s ability to with- YOUR FLIGHT THROUGH 


stand blast-off. 


ou are strapped into the padded con- Thanks to this exciting new Science Pro- 
toured chair of the capsule nested in gram, YOU are experiencing Man’s first 
the nose cone of a giant rocket. Through venture into the ocean of SPACE. 


earphones you hear the countdown: “Five By means of this sam 
be ple activity kit— 
-four...three...two...one... FIRE! yours for only 10¢ — you share the thrilling 
Suddenly the impact of take-off engulfs plans and discoveries of today’s space scien- 
your senses. Your body quivers with vibra- tists as they prepare for this stunning ad- 


tion. As the rocket gathers speed, your body venture. You will explore the problems of 
weight increases ten times, pulling the flesh conquering space: food . . . cosmic radiation 
back from your face. ... getting back to earth. 
Then, only minutes later, the weight of s 
yous body drops to zero! You are in orbit Enjoy Monthly Adventures Like These 
- and weightless! Each month this new program will take 
“AND THIS IS JUST THE BEGINNING! you on a “guided tour” of a different field of 


| —A_X__I_{_{_{_{_{_{_{_{_{_{_{_{ { { {i { { { 14 14 4 II _{_{_{_ | 


YOU GET ALL THIS FOR ONLY 10¢ 















Beautiful full- -_<- a “anatomy”’ and ‘‘life stages’’ of 
of wonders of “' a manned Space Capsule, to be 

SPACE”’ — rockets, Ganthiag mounted on the chart 
pads, test equipment, etc. Science Bulletin: Special 
— word illustrated al- monthly bulletin keeps you 
— crammed with in- abreast of the very newest de- 

~ formation about ‘‘MAN IN velopments. 

SFACE and with spaces to IN ADDITION, if you decide to 


mount the color prints. continue, you wiil receive — Free 
(3) Big Wall Chart, with full- — a handsome pull-drawer li- 
color snap-outs of the brary case to collect your albums. 





SCIENCE PROGRAM 
Dept. SC-3, Garden City, N. Y. © 


Please rush me my introductory Science Activity Kit as : 
described above. I enclose 10¢ to help cover shipping costs. 
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minimum number of packages, and I am free to stop at 
any time. 

Print 

NAME... cccccccccce POSOSSOSOC PTO RDELE COCO OSO CDEC CORO SOOSNES 


Pacts veeSeeheseesseedorsccreeotunersese oeccccevce ve 


Mi ceksnneceseseesecoecsosesceeese Zone... .State.....00- 
Parent's Signature 
EE ee ° 
(Same offer in Canada. Address 105 Bond St., 
Toronto 2. Offer good only in U.S.A. and Canada) p 
C-11¥' 

















, Standing career. 


YOU ARE IN ORBIT hurtling 
through space, 150 miles up. Your 
*“‘contoured”’ chair enabled you to 
withstand the fantastic pull of grav- 
ity during blast-off. Your descent 
will be slowed first by rockets, then 
by the parachutes packed in foot 
of capsule. 


& . tem © a ee 


SPACE WILL BE “‘TRACKED”’ 
by telemetry antennae like mae 
this one, which towers higher , 

than a 7-story building. ] 




















modern science. One month you will see 
earth and sky through the eyes of the 
weather man, or the marvels of the depths 





of the sea through the window of a bathy- 
sphere. Another time the chemist will take 
you into his laboratory. A biologist will let 
you look through his microscope at a living 
cell. On other “field trips” your guides will 
be radio engineers . .. submarine com- 
manders . . . medical researchers . . . map- | 

( 


makers... nuclear physicists. 


These monthly adventures provide a rev- 
olutionary new way to share the thrills of | 
modern science. Each month you receive 
gummed, perforated sheets of full-color | 
prints — also a beautiful, richly illustrated , 
album, crammed with absorbing informa- 
tion, and with spaces reserved for mounting | 
the pictures. In addition there will often be 
many interesting extra things-to-do such 
as (in the set offered on this page) mounting 
on a wall chart full-color gummed punch- 
outs showing the launching, orbiting, and 
re-entry of a manned satellite. 


Helps You in School, and in 
Later Life Too! 


This exciting new hobby makes sciencé 
easy and enjoyable. Your lessons come W 
life as the men who are creating today’s 
space age point out the exciting news be- 
hind the scenes in every field of science 

You'll find plenty of ideas for extra-credit 
projects and it may spark an interest in4 
scientific field which can lead to an out 


MAIL COUPON NOW with only 10¢ for 
the Introductory Science Activity Kit. No 
obligation. But if you are delighted and 
wish to continue you pay only $1 plus 
shipping for each month’s scientific adven- 
ture. You may cancel at any time. Address 
SCIENCE PROGRAM, Dep*. SC-3, Garden 
City, N.Y. 
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Science and the K-12 Program 


HE 1960 Convention of NSTA at 

Kansas City, Mo., has a two-fold aim: 
to present a unified view of the total 
science program within American edu- 
cation, and to create an awareness of 
recent developments in scientific re- 
search through the “Frontiers of Sci- 
ence” series. The activities in this year’s 
program have been expanded. Advance 
reservations by mail are urged. 


Frontiers of Science 

“Frontiers of Science” is a series of 
addresses focusing attention on recent 
developments in several of the major 
fields of science. The first speaker will 
be Dr. Linus C. Pauling, Nobel Laure- 
ate, Professor of Biochemistry, California 
Institute of Technology, Pasadena; and 
Dr. John R. Heller, Director, U.S. Na- 
tional Cancer Institute, will give the sec- 
ond presentation. At the banquet on 
Friday evening, Dr. George B. Kistia- 
kowsky, Science Advisor to the Presi- 
dent of the United States, will be the 
principal speaker. These talks will be 
presented in general sessions. Thursday’s 
B-I-E Luncheon address will also be 1e- 
lated to the Frontiers series. The fea- 
tured speaker is Dr. Walter H. Brattain, 
Nobel Laureate, Physical Research De- 
partment, Bell Telephone , Laboratory. 
Additional frontiers in sciénce will be 
explored by scientists meeting in five 
parallel sessions on Friday at 1:30 p.m.; 
all will be repeated at 3:30 p.m. 


K-12 Science Programs 

Problems and issues, development, 
teacher education, and the total school 
program as related to science in the kin- 
dergarten through the twelfth grade 
comprise the topics scheduled for study 
in the Curriculum Section of the NSTA 
Convention. Speakers, symposia, and 
panels implement the program. The pro- 
gram includes Dr. Robert H. Johnson, 
Superintendent of Jefferson County Pub- 
lie Schools, Lakewood, Colorado; Dr. 
Leona M. Sundquist, Chairman, Depart- 
ment of Science, Western Washington 
College, Bellingham; Dr. Joe Zafforoni, 
Professor of Science Education, Univer- 
sity of Nebraska, Lincoln; and Dr, John 
H. Fischer, Dean, Teachers College, 
Columbia University, New York City. 


Registration 


Pre-Convention re gistration by mail 
is strongly urged and will be accepted 
through. March 11, 1960. Do not mail 
forms and checks after this date since 
processing prior to the convention can- 
not then be assured. Receipts will be 
sent promptly when advance registra- 
tion and reservations, accompanied by 
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remittance in full, are received in the 
NSTA headquarters office. Bring these 
receipts to the convention and present 
them at the Advance Registration Table 
in the Municipal Auditorium to receive 
identification badge and tickets. Make 
checks payable to NSTA and send to 
National Science Teachers Association, 
1201 Sixteenth Street, N.W., Washing- 
ton 6, D.C. 

Registration fee is $3 for the entire 
convention, or $1 for daily registration 
to accommodate those who can come 
only one or two days. Registration is re- 
quired for participation in all conven- 
tion activities. Those registering in ad- 
vance, but unable to attend the conven- 
tion, may receive refunds by sending 
their official receipts to NSTA_ head- 
quarters before April 18, 1960. 


Science Workshops 

Within the framework of developing 
a continuous science curriculum, work- 
shops for the 1960 Convention have 
been expanded to include groups for 
teachers in the primary grades, the in- 
termediate grades, junior high school, 
and for supervisors. Four different areas 
of science will be considered: 

1. Teaching about Plants and Ani- 

mals and How They Grow 

2. Teaching about Electricity 

Magnetism 

8. Exploring the Changing World 

4. Using Special Resources in Teach- 

ing Science 

Between the general orientation ses- 
sion on Thursday and the “exhibit” ses- 
sion on Saturday morning, there will be 
two two-hour work sessions in which 
materials will be used, constructed, and 
carefully considered in relation to prob- 
lem solving and other aspects of class- 
room instructions. 

Attendance will be limited to 20 per- 
sons in each workshop group; the fee is 
$3. Groups will be set up as registrations 
and fees are received. 


and 


Exhibits 

Approximately 100 commercial ex- 
hibits will be presented in the annual 
Exposition of Science Teaching Materi- 
als in the Kansas City Municipal Audi- 
torium. Plan to stop by and see the 
largest array of textbooks, laboratory 
furniture, equipment, apparatus, busi- 
ness-sponsored materials, audio-visual 
aids, and other materials displayed at an 
NSTA convention. The exhibits will be 
open after 9:00 a.m., Wed., March 30. 

Science World will be found at Booth 
90. A cordial invitation is extended to 
all teachers using Science World. Stop 
by and let us say “hello.” 











Important books from 
Philosophical Library — 





PICTORIAL HISTORY OF PHILOSOPHY 

by Dagobert D. Runes ¢ A handsome, profusely 

illustrated history of Philosophy—from Socrates 

to Suzuki. $15.00 
EVERYDAY METEOROLOGY 

by A. Austin Miller and M. Parry ¢ The science 

of weather and its implications to the community 


primarily for amateur meteorologists. Ilus- 

trated. 7.50 
THE UPPER ATMOSPHERE 

by H. 8S. W. Massey and R. L. F. Boyd © An 


authoritative account of phenomena studied dur- 
ing the IGY. Illustrated. $17.50 
SOIL, GRASS, AND CANCER 
by Andre Voisin ¢ A fascinating attempt to 
establish a relationship between mineral ele- 
ments of the soil and metabolic disorders in ani- 
mals and men. $15.00 
INDOOR PLANTS 
by Violet Stevenson « A handbook of plants 
which can be grown indoors under normal con- 
ditions. J/lustrated. $4.75 
CONCISE DICTIONARY OF SCIENCE 
by Frank Gaynor ¢ A dictionary of standard and 
new terms in the fields of mathematics, physics, 
nucleonics, chemistry and geology. $10.00 
GRASS PRODUCTIVITY 
by Andre Voisin ¢ Includes all new knowledge 
regarding grassland management. $15.00 
SOIL ANIMALS 
by D. Keith McE, Kevan e An engrossing treatise 
on animal life in the soil. Photographs. $15.00 
THE AIR 
by Edgar B. Shieldrop « The story of man’s ex- 
periences in flight—from his earliest attempts to 
supersonic travel. Illustrated. $12.00 
DICTIONARY OF ASTRONOMY 
AND ASTRONAUTICS 
by Armand Spitz ¢ Concise definitions of over 
2,200 terms and concepts including those new 
to the Space Age. $6.00 
THE CHALLENGE OF SCIENCE EDUCATION 
Edited by Joseph S. Roucek and Howard B. 
Jacobson ¢ 34 experts survey and evaluate the 
conflicting opinions on science education. $10.00 
DICTIONARY OF DISCOVERIES 
by I. A. Langnas ¢ With a preface by J. Salwyn 
Schapiro. A _ fascinating, comprehensive work 
describing the world’s major and minor geo- 
graphical discoveries. $5.00 
DICTIONARY OF THE AMERICAN INDIAN 
by John L. Stoutenburgh, Jr. ¢ An up-to-date 
source book on the history and lore of our many 
Indian tribes. $10.00 
ENCYCLOPEDIA OF WORLD TIMBERS 
by F. H. Titmuss ¢ Completely revised and en- 
larged edition. Soft and hardwoods of the world, 
including their uses, durability, and characteris- 
ties. Illustrated. $15.00 
TEACHING SCIENCE TO THE 
ORDINARY PUPIL 
by K. Laybourn and C. H. Bailey « A practical 
demonstration of experimental techniques stress- 
ing student participation. $10.00 
THE STORY OF ARCHAEOLOGY 
by Agnes Allen « The growth of archaeology 
from the early clumsy efforts to today’s skilled 
operations. Illustrated. .0 
DICTIONARY OF ANTHROPOLOGY 
by Charles Winick ¢« A comprehensive reference 
to basic terms and concepts of archaeology, lin- 
guistics, cultural and physical anthropology. $10 
THE EXPLORATION OF TIME 
by R. N. C. Bowen ¢ A discussion of the new 
techniques which permit us to determine the age 
of rocks, fossils, prehistoric and historic dis- 
coveries. Illustrated $6. 
RUNES: AN INTRODUCTION 
by Ralph W. V. Elliott ¢ An introduction to 
runic writing stressing English runic inscriptions 
in particular. $10.00 


MAN’S JOURNEY THROUGH TIME 


by L. S. Palmer ¢ A graphic account comparing 
man's morphological development to his far 
more rapid cultural progress. $10.00 


Mail to your favorite bookseller or directly to 
PHILOSOPHICAL LIBRARY, Publishers 
15 East 40th Street, Dept. AMS-6. 

New York 16, N. Y. 

Send books checked. To expedite shipment I enclose 
remittance 


NAME_ 





ADDRESS 
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NSTA Youth Director 


Appointed recently as Director of 
Youth Activities, under the National 
Science Teachers Association’s Future 
Scientists of America Foundation pro- 
gram, is William P. Ladson of Alexan- 
dria, Virginia. In this new position, Mr. 
Ladson will be working directly with 
NSTA’s Standing Committee on science 
education activities for youth, the FSAF 
Administrative Committee, and NSTA’s 
representatives on the editorial board of 
Science World. The development of a 
program for Future Scientists of Amer- 
ica youth activities, services, and organ- 
ization is a new NSTA goal and is now 
to take shape. 

The new director of these activities, 
Mr. Ladson, was formerly head of the 
science department and chemistry 
teacher at Fairfax County Groveton 
High School, Fairfax, Virginia. Born in 
1929 in Washington, D. C., Mr. Ladson 
now resides, with his wife, Claire R., 
and their four-year-old son in Alexan- 
dria, Virginia. He graduated from 
Mount Vernon High School in Alexan- 
dria in 1946, completed his BS Degree 
in Chemistry in 1953, and his Master’s 
Degree in Education and Administra- 
tion at the University of Virginia, Char- 
lottesville, in 1958. 








now students really can speed up cal- 
culations and by-pass the tedium of 
endless figuring, with a new and easy 
method for the use of ... 


THE MODERN SLIDE RULE 
by Stefan Rudolf, Dipl. Eng. Arch. 


Here, for the first time, are the 
simplified rules for fundamental 
slide-rule operations, introducing 
an original method that should 
become standard slide-rule tech- 
nique. 


Specifically, the Rudolf method .. . 


@ Takes the whole range of numbers into 
consideration; 
®@ Permits the reading of all scales with 
fixed decimal points; 
®@ Derives exact end answers from results 
read on the scales with decimal points; 
@ Shortens slide-rule operations, yet gives 
exact answers; 
*@ Eliminates such approximate calcula- 
tions as 
e finding results by ‘‘common sense” 
e rounding off factors to ‘‘nearest”’ 
results by mental arithmetic e con- 
verting numbers to powers of 10 e 
dealing with positive and negative 
spans e describing number of digits 
in whole numbers e estimating 
number of zeros before the first sig- 
nificant figure in decimal fractions. 


This instructional manual offers many 
mathematical calculations, all performed 
by this new method, as well as full ex- 
Planations on how to use the most mod- 
ern slide-rules. Selected drill problems 
(with answers) are included to help the 
student develop speed and accuracy, 
avoid errors, and achieve easy slide-rule 
performance. 

illustrated, large format 
five dollars a copy 


THE WILLIAM-FREDERICK PRESS 


391 East 149th Street New York 1 

















His teaching experience of six years 
began at Waynesboro High School, Vir- 
ginia, in 1953. His activities comprise 
association with a number of educa- 
tional associations, including the Fair- 
fax County Federation of PTA, the 
Virginia Education Association, and Phi 
Delta Kappa. During the past vear he 
was selected as the typical teacher and 
featured in the Fairfax County Board’s 
annual report. His experience covers a 
wide background in science clubs, sci- 
ence fairs, summer programs for youth, 
summer institutes coordinator, and _ re- 
lated public relations work in educa- 
tion. 


White House Conference 

The Golden Anniversary White House 
Conference on Children and Youth is to 
be held March 27-April 21, 1960, in 
Washington, D. C. The purpose of the 
conference is “to promote opportunities 
for children and youth to realize their 
full potential for a creative life in free- 
dom and dignity.” The first of these 
conferences was called by Theodore 
Roosevelt in 1909. They have been held 
every ten years since then. 

Conference participants will include 
representatives of state committees and 
national organizations, 700 young peo- 
ple, national leaders, and 500 interna- 
tional guests. NSTA’s representatives 
are Sydney Blum, science specialist, 
Baltimore City Schools, Maryland, and 
Robert H. Horn, of the faculty of 
Waynesboro High School, Waynesboro, 
Virginia. 


Museum to Conduct 
Summer Institute 


High school teachers of earth science 
and biology are invited to apply for 
participation in a Summer Institute to 
be conducted by the Department of 
Public Instruction of The American 
Museum of Natural History at the Mu- 
seum’s Southwestern Research Station 
in Portal, Arizona, from July 5 through 
August 2, 1960. The program is being 


sponsored by the National Science 
Foundation. 
The Institute will consist of two 


courses, Techniques and Methods in 
Field Geology and Techniques and 
Methods in Field Zoology. They will be 
conducted by instructors from the staff 
of the Museum’s Department of Public 
Instruction, Participants will be required 
to take both courses, the successful com- 
pletion of which will entitle them to six 
graduate credits from the College of the 
City of New York. 

The geology course will embrace 
structure, stratigraphy, paleontology, 
and geomorphology, the methods of re- 
cording field data and the techniques 


of field mapping. The zoology course 
will include field observations, the latest 
techniques in collection and _preserva- 
tion of specimens, the use of keys in 
identification, and the assembling of 
scientific data. 

The National Science Foundation 
grant to the Museum will cover partici- 
pants tuition, board and lodging, ma- 
jor transportation costs, and a specified 
allowance for dependents. 

Applications will be accepted from 
high school teachers within the United 
States who do the major part of their 
teaching in earth sciences or biology, 
The group will be limited to 20 who 
will be selected by a special Museum 
committee. 

Further information and application 
forms may be obtained by writing to 
C. Bruce Hunter, Director, Summer 
Institute in Field Geology and Field 
Zoology, The American Museum of 
Natural History, 79th Street and Cen- 
tral Park West, New York 24, N. Y. 


U-M Awards 
For Graduate Study 

The University of Michigan has re- 
ceived a $277,800 grant from the Na- 
tional Science Foundation for a_ fifth 
Academic Year Institute. 

Under the terms of the grant, the 
University will award stipends to 48 
high school teachers so they may study 
at the U-M for graduate degrees in 
chemistry, physics, or mathematics. The 
awards amount to $3,000 each, plus 
allowances for dependents, books, and 
travel. 

Most of the teachers under the U-M 
program will be working toward a Mas- 
ter of Arts degree in the teaching of 
science. 

Besides the regular awards, 18 indi- 
vidual grants for summer study are 
available. 

These consist of $300 for the term, 
plus allowances for subsistence and 
books. 

Teacher-students participating in the 
program may take any group of science 
courses outlined by their advisers. 

The U-M was one of 33 colleges and 
universities which received grants total- 
ing about $9.2 million for the 1960-61 
Academic Year Institute. The granis 
provide for about 1,600 new individual 
stipends. Some 3,400 teachers have 
taken part in the four preceding years 
of the program. Its purpose is to help 
teachers improve their subject matter 
knowledge through a year’s advanced 
study on a full-time basis. 

Teachers interested in further details 
of the 1960-61 AYI program at the U-M 
should write Professor Anderson, Chait 
man of the Department of Chemistry, 
1018 Angell Hall, Ann Arbor. 
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(Te'the stars Gee nUttenitiess 


Within a decade, this boy must become 2,000 years old. To com- 
pete in any of the sciences, he must absorb, understand and cor- 
relate nearly all that man has ever known about his chosen field. 
The high school years are the crucial years — and your role as 
his instructor becomes more significant every day. To help you 
help all your science students, Tinsley Laboratories has devel- 
oped a new telescope to be used in high schools. No toy, this 
telescope is built with all the care Tinsley takes for major uni- 
versity installations. 0 It does all the things a telescope should 
do. With a 12-inch diameter optical system which produces mag- 
nifications of 80 to 800 times an object’s diameter, it can clearly 
show the markings on Mars, for example, and individual peaks 
on the moon. And, its drive motor tracks the stars very accu- 
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rately. Once you have set this telescope, each student can take 
his turn and see just what you saw, without adjustment. 0 This 
telescope puts no limit on adv med students, either — acces- 
sories are available for almost any kind of 

research. For instance, there is a planetary camera, 
a spectrograph, a micrometer eye piece, and 

other equipment your students can grow with. 

0 It is easy for a school to own this teaching aid. 
Production plans call for 100 of them this s 
year, and so the price is well within reach. For | ‘i 
full details please address inquiries to Tinsley <> JJ 
Laboratories, Inc., School Telescope Department, 

2526 Grove Street, Berkeley 4, California. TINSLEY 








Diamond D Superiority Gives You Top Quality 
Yet Saves You Money... And You Can Prove It! 


No purchasing agent .. . no technical man... of “Behind The Diamond D.” It is a step-by-step 
will buy a pig in a poke! Their approach to the picture story of the manufacture of Diamond D 
job and the procedures involved make it practically Laboratory Glassware. Doerr Glass Company, 
impossible to buy blindly. That’s why we offer a_ Vineland, N.J. 
simple 2-step evaluation of laboratory glassware to 
prove that top quality can cost less money. For OL’ NANTUCKET WEATHER CLASS 
Instance... ; : 
STEP ONE: Obtain competitive samples of Here is a hand-blown replica of the 
lab glassware, including Diamond D, and sub- — og omy on the square-riagee 
“ >see d g 9) a oO ed Na e 
ject them all to the most rigid tests you can Light more than a century ago. It. is 
devise. Rate every brand honestly. a crysti il-clear pear-shaped pendant which 
’ Tt ta _ = . . langs on a 1044” long wrought iron 
STEP TWO: Check the ratings, against the bracket. Fill the glass with water accord- 
prices for each piece and buy the one which ing to directions; chart shows how to 
gives you the best value for the least money. —— + ema - water in spout 
In terms OF weather forecasts dea or 
Simple? Certainly, it’s simple. That’s the way home, office, den, recreation room, col- 
industrial purchasing agents and technical men lege dorm or classroom. $3.95 postpaid. 
buy ... orat least that’s how they should buy. Doerr Glass Specialties, Inc., Vineland, 
For one of the most interesting studies ever made J p medl Boer ouly te comment Us, 
of the art of glassmaking, send today for your copy 











\ DIAMOND “D” 
GLASSWARE 
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